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The Eighth Meeting of the second half of the 66th Session of the Royal 
Aeronautical Society was held in the lecture theatre of the Royal Society of Arts, 
18, John Street, Adelphi, London, W.C.2, on Thursday, April 16th, 1931, when 
a paper by Dr. A. H. Davis (of the Physics Department, National Physical 
Laboratory), entitled ‘‘ Noise,’’ was read and discussed. 

Mr. H. E. Wimperis (Director of Research, Air Ministry), Vice-President, 
in the chair. 

THE CHAIRMAN: Noise in aircraft was a very great nuisance, was extreme, 
and must be reduced. Dr. Davis would describe the methods by which the problem 
was being attacked, and, when he had delivered his lecture and illustrated it by 
demonstrations, the meeting would agree that he had approached this difficult 
problem with very great courage, and that great credit was due to him for two 
things particularly. In the first place, through the efforts of Dr. Davis, the 
National Physical Laboratory had introduced for the study of noise an instrument 
known as the Barkhausen audiometer, which measured the kind of annoyance 
which a man experienced as the result of noise. The second thing for which credit 
was due to Dr. Davis was the introduction into aeronautics of that really practical 
unit of noise measurement, namely the ‘‘ decibel,’’ which, as was the case with 


many other good things, came from across the Atlantic; it was named after Bell, 


the well-known Canadian inventor of the telephone. 

Dr. Davis was one of the senior scientific assistants at the National Physical 
Laboratory, where he had carried out research for a good many years ; in addition, 
he was acting as Secretary of the Aeronautical Research Sub-Committee, which 
was dealing with the problem of noise. 


Dr. Davis then delivered his lecture, which was accompanied by many 
demonstrations of various notes, in various degrees of loudness, so that the 
meeting could appreciate by sensation the degree of annoyance caused by each. 


Loudness steps of 1, 5 and 4o decibels were demonstrated, and low-pitched 


drumming noise shown to interfere with the hearing of speech less than high- 


pitched rattling noise of equal loudness. A demonstration was also given of 


assessing the loudness of noises by the Barkhausen method referred to in the 


lecture. 
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NOISE 


BY 
A. H. DAVIS, D.Sc. 
Physics Department, National Physical Laboratory 


Noise is becoming of increasing importance and interest in modern life, 
and we appear to be approaching the time when much that we endure now will 
be regarded as intolerable. Public protests arise spasmodically on every hand 
and noise has been the subject of a certain amount of attention in the medical 
and popular press. With many persons the chief deterrent to air travel is under- 
stood to be the discomfort caused by the noise experienced. Whilst we may not 
wish to investigate the physiological reason for such discomfort, it is of interest 
to notice that in a recent paper, Laird (Acous. Soc. Am. J., 1, p. 256, 1930), has 
summarised experimental data on the effect of sound on living beings. 

No fully representative commission of medical, legal, acoustical and engineer- 
ing interests has yet been set up in England, but in 1929 the Aeronautical Re- 
search Committee appointed a Sub-Committee in connection with the reduction 
of aircraft noise, and traffic noises have been considered in conferences by the 
Ministry of Transport. 

To appreciate points arising in the assessment of noisiness and the suppression 
of noise, one must consider the characteristics of sound and the fundamental 
facts of audition. 


Characteristics of Sound 


Sound has its origin in vibrations. ‘The sound waves sent into the air 
by a vibrating body consist of alternations of condensation and rarefaction which 
travel outwards, just as ripples travel outwards from a periodically disturbed 
water surface. 

The sound enters the ear as successions of minute changes in pressure 
corresponding to these condensations and rarefactions, and gives rise to the 
scnsation of hearing. The character of the sensation depends upon the fre- 
quency, amplitude and wave-form of the incident waves. Other things being 
the same, amplitude determines the loudness of the sound, frequency its pitch, 
and wave-form its quality. When the aerial waves consist of a regular succes- 
sion of vibrations the sensation is that of a tone, but an irregular non-repeating 
disturbance results in what is technically known as ‘‘ noise.’’ However, in a 
wider general usage ‘‘ noise’? appears to refer merely to excessive unwanted 
sound and it is in this sense that we shall consider it. 

Turning however, first to the question of “‘ pitch;’’ it is well known that 
doubling the frequency raises the pitch by an octave, and that middle C on the 
piano (written c’ in the notation of Helmholtz) has a frequency of 256 vibrations 
per second. 

The quality of a sound is determined by its wave form, i.e., the manner in 
which the aerial pressures at the ear rise and fall. The simple pendular motion 
of the prong of a tuning fork in free vibration gives rise to a wave-form repre- 
sented by Fig. 1a, which is the characteristic ‘‘ sine wave ’’ associated with pure 
tones. In Fig. 1b, relating to the compound vibrations of a violently struck fork, 
the more leisurely fundamental vibration is accompanied by subsidiary fluctuations 
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of higher frequency as evidenced by the wavelets present. Fig. 1c is an oscillo- 
graph record obtained at the laboratory for the note of a conical reed organ 
pipe. Fig. 6, later, shows a part of an oscillograph record taken at the N.P.L. 
during an investigation of motor-horn noise. The portion exhibited corresponds 
to one wave length of the fundamental note, but it may be mentioned that the 
sound was somewhat irregular and the wave form did not repeat accurately. 
The sound was, in fact, a noise. 


Tuning Fork 


Tuning Fork (Struck violently) 


Reed Organ Pipe 


Fia@. 1. 
Wave form of various sounds. 


Loudness 
An important feature of sound is its loudness. Before a tone can give rise 
minimum 


to the sensation of hearing the aerial vibrations must attain a certain 
amplitude 


amplitude, which varies greatly with the pitch concerned. As _ the 
is further increased the sound becomes progressively louder until the sensation 
ef feeling or tickling supervenes in the ear and, shortly afterwards, pain. The 
intensity region in which the sensation changes to feeling from hearing 1s regarded 
as the upper limit of audibility, 7.e., the maximum utilisable for hearing. Fig. 2, 
based on curves by Fletcher and Wegel, shows the upper and lower limits of 
audible sound as a function of pitch. The unit of pressure—1 dyne per sq. cm. 
—corresponds to about one millionth of an atmosphere, and is of the order 
of the pressure variations in conversation as ordinarily heard. It is noted that 
enormously greater amplitude is required with low notes than with notes of the 
middle pitch before the ear hears the note at all, but that also low notes become 
painful sooner than middle notes. 


WW 
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Acoustical power and energy ratios are proportional to the square of ampli- 
tude ratios,* and the scale to the right shows the extensive range of power 
a million million fold—to which the ear is adaptable. In the region of painful 
sounds it may be calculated that an instrument giving a painfully loud note of 
middle © at a distance of 10 feet would be sending some five h.p. of sound 
energy across a spherical boundary at this distance. lor moderate every-day 
sounds it has been pointed out that if a million people were to talk steadily, 
and the energy of their voices were converted into heat, they would have to 
talk for an hour and a half to produce enough heat to make a cup of tea, At 
the threshold of audibility the energy value is almost too small for description, 

Between the upper and lower limits of norma! hearing the human ear can 
distinguish some 270 gradations of loudness at a frequency of 512 cycles per 
second, but fewer at other frequencies. It has been found that at ordinary 
loudness levels, t.e., for intensities greater than tot times the minimum audible 
the minimum change of intensity just perceptible is a fractional one. It is about 
10 per cent. for two notes sounded successively, but 20 per cent. or more if 
a silent interval of only half a second elapses between them. Since, in general, 
it is a fractional change in intensity which is perceptible, the loudness level in 
just perceptible steps above threshold is closcly related to the logarithm of the 
intensity (energy or pressure) of the exciting sound, and a logarithmic unit called 
a ‘‘ decibel ’’ is adopted. If 7 and J, are two different values of the sound 


energy level expressed in decibels is given by 
(1/15). 
rom this it is found that a 26 per cent. change in intensity alters the energy 
level by 1 decibel. The decibel, equal to the well known 
of telephony, is purely a unit of power ratio. It is important because it is 


energy, the difference i 


oe ” 


transmission unit 


practically the smallest change in energy level that the ear can ordinarily detect. 
Actually the to per cent. energy change detectable under best laboratory condi- 


tions is about 0.4 decibels, 


Comparison of Loudness of Pure Tones of Different Frequencies 


ig. 2 showed the maximal and minimal audible intensities of pure notes of 
various frequencies, and Fig. 3, based upon data by Kingsbury, shows the same 
curves with the addition of a number of equal loudness contours, These contours 
connect the intensities of sounds of different frequencies which are judged to be 
equally loud by the ear. It is seen that for frequencies above about 700 cycles 
per second, if two pure tones of different pitch are equally loud they remain equally 
loud when the amplitudes of both are increased in the same ratio, It appears 
from the closer spacing of the curves at low frequencies that low notes require 
less increase of amplitude to raise their level of loudness. 

The existence of such curves implies that the loudness of any pure note 
may be expressed as a number by stating the mntensity in decibels above threshold, 
of an equally loud note of chosen standard frequency——say 800 cycles per second. 
The loudness figures to the right of the contours in Fig. 3 express the loudness 
of the notes in terms of decibels above threshold of an equally loud 800 cycle 
note. 

If the pitch and intensity of a given pure note were measured by physical 
instruments, its loudness on the scale could be inferred from the curves given. 
It is perhaps to be expected that the loudness of a complex note should also 
be deducible from the loudness of its various components. This may be true, 
and complex equations have been proposed, but the ear is a very complicated 
organ, and up to the present time the writer knows of no accepted relation. The 


* In a progressive sound wave in air an oscillatory pressure of about 20 dynes per cm.? 
is associated with an energy flux of 1 microwatt per sq. cm. 
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only method of expressing the loudness of a complex note would appear to be 
by direct experimental comparison with a note of standard pitch and controllable 
intensity. 


Annoyance Due to Tones 

It appears to be true that the sheer loudness of noises in many aircraft is 
extreme, and questions of whether one type of noise or another is more dis- 
tressing is rather a refinement. It is well perhaps to note that many people 
unhesitatingly state that high notes are to them more annoying than low notes. 
Others claim that prolonged exposure to low notes is especially troublesome. 
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Frequency and Pitch of Note 
FIG. 4. 
Contour lines of equal annoyance by pure tones. 
(Dotted lines equal loudness contours.) 


Laird and Coye (Acoustical Soc. Am. J. 1, 158, 1929) conducted experiments 
on the loudness of notes of different pitches which were judged to be equally 


annoying to a number of observers trained in acoustical work. “They stated that 
annoyance reaction was similar to that experienced by rubbing one’s finger 
over coarse sand-paper, or in hearing peanuts shelled during an overture. ‘The 
results obtained are indicated in Fig. 4, which shows the intensity levels of 


notes of equal annoyance in comparison with the levels of notes of equal loudness. 
For notes below, say, 500 cyeles per second, the annoyance and loudness curves 
are parallel, ie., the annoyance was determined by the loudness alone, — But 
above this frequency there was a tendency for high notes to be specially annoy- 
ing, particularly when they were very loud. It was not possible to discover a 
method of measuring annovance, nor to determine a level of zero annoyance, 


Masking of One Sound by Another 


Simple experiments have been carricd out upon the extent to which one 
sound interferes with another. ‘The effect, known as masking, may be measured 
by noting the amount by which the threshold of audibility for the masked note 
is raised by the interference. [Experiments carried out on the masking effect of 
one pure sound upon the audibility of another have revealed that, in general, 
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a sound is most easily masked by a note of approximately the same pitch. Where 
the masking tone differs in pitch from the masked it is found that a pure tone 
more easily masks a tone of higher pitch than one of lower, particularly when 
the masking tone is comparatively loud, say as loud as, or louder, than con- 
versational speech. 


d.b. 
80 T T 


Masking effeel of a pure fone upon 
Tones of higher and lower Piteh. 


60 | 

| 
Krequency of Masking Tone 
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40 


20 


Threshold Shift of Masked Tone. 
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Sensation Level of Masking T'one (d.b. above threshold). 


FIG. 5. 


This is illustrated in Fig. 5, where the masking effect of a tone of 400 cycles 
per second is shown for masked tones of higher and lower pitch.” 

Loud tones give rise in the ear not only to the fundamental tone, but to 
harmonics—combination tones—of the tone as well. This arises from non-linear 
behaviour of the ear. Bearing this fact in mind, the masking effects of complex 
sounds are what one would expect from this after considering the data for pure 
tones—the measured masking showing signs of the masking produced by each 
component plus the effects due to subjective harmonic tones, 

An experimental curve showing for a complex sound or noise its masking 
effect upon notes of various pitches may be used as a measure of the interfering 
effect of the sound, for it shows the reduction of the capacity of the ear in the 
presence of such a sound. 


Speech and the Interfering Effect of Noise 


As regards the masking of speech, it is to be noticed that the main energy 
of the voice is of low pitch (about 120 and 240 cycles per second respectively 
for male and female voices), but the characteristics essential to intelligibility 
are carried by high frequency sounds. For instance, tests show that the in- 
telligibility of speech is equally affected (actually reduced just below the limit 
for telephone purposes) whether frequencies below 1,600 or those above 1,600 


* Wegel & Lane. Phys. Rev. 23, p. 266, 1924. 
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are suppressed. In the first case, however, go per cent. of the sound energy is 
removed, but only about 10 per cent. in the latter case. 

The effects of extraneous noise on the hearing of speech have received some 
attention from experimenters, and, for small or moderate noises, the effect is as 
though the car were deafened by an amount equivalent to something of the order 
of the average deafening effect the noise has on the car for a series of pure notes 


throughout the speech range. Loud noises affect speech to a greater extent than 
this. No experiments appear to have been carried out to elucidate the type of 


noise—high pitch or low pitch— which is most disastrous to the hearing of speech, 
With pure tones as the interfering sound Knudsen (Phys. Rev. 26, 133, 1925) 
found that the interference was almost independent of pitch when the loudness 
did not execed the loudness of speech, but that for louder tones the interference 
was markedly greatest with interference by low pitched tones. He also found 
that the interfering effect of noise is greater than that of tones of any pitch, 
but no quantitative experiments have been carried out, so far as | know , to find 
the effects of different types of noise. 

In connection with the Aeronautical Research Committee’s work on aircraft 
noise [| recently made observations of noise levels during passenger flights in 
various types of air liners. In the machines conversation was naturally casiest 
when the loudness level was least. | noted, however, in a certain machine in 
which there was considerable low frequency drumming due to the vibration of 
panels, that this drumming did not seem to interfere with the hearing of speech, 
The general impression gained was that the exclusion from the cabin of whistling, 
hissing and tapping noises, all rich in high frequency sounds, was very bene- 
ficial. It may be that although loud single low frequency notes, through their 
subjective overtones interfere with more speech components than single high 
notes do, nevertheless, nondescript noise which has high frequency characteristics, 
but no definite pitch, interferes markedly with an extended high frequency region 


and is disastrous to the essential speech components 


Physical Measurements of Noise-Analyses 


In measuring sound with physical apparatus it is possible to make an 
estimate of the average sound pressures measured by a microphone with auxiliary 
amplifiers. In view, however, of the different sensitivities of the ear at various 
frequencies these cannot be interpreted as loudness to the ear. As a_ closer 
estimate the sound may be analysed by electrically tuning the amplifier to various 
pitches in turn, or, alternatively, electrical filters can be incorporated to ascertain 
the amount of sound energy lying in a few chosen frequency ranges. However, 
since it is not yet possible to deduce accurately the loudness of a complex noise 
even when its constituents are known, it is often almost compulsory to conduct 
some part of any study of noise by an aural method. In this a standard note 
is varied in strength until it is either just drowned by the noise, or is judged 
to be equally low. 

The identification of sources of a complex noise is facilitated by knowing 
the frequencies of any regular components, for this knowledge may enable one 
to correlate an important constituent with, say, the frequency of meshing of 
teeth on gear wheels, which would indicate noisy gearing as a source. Thus 
definite analysis of the noise may often be desirable. 

In a convenient portable microphone and amplifier unit which I have designed 
for general acoustical work, which will measure the overall acoustical pressures, 
dials are provided for altering the sensitivity of the instrument in decibel steps 
over ‘he range of 110 decibels. 

By plugging into the amplifier circuit one or two tunable electrical circuits 
the instrument will measure the intensity of components. The advantage of 
double tuning is that you get not only sharper discrimination against noises 
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removed from the frequency under test, but less sensitiveness to small variations 
of pitch in the region of the resonance. ‘That is an advantage when the noise 
observed is fluctuating slightly in pitch. 

Fig. 6 is an analysis of the motor horn note as obtained with the instrument 
shown above, in conjunction with a single tuning unit. It is shown in conjunction 
with the oscillogram already referred to. It may be mentioned that this horn 
had components which did not fit in a harmonic series and was rich in powerful 


high frequency notes. Apparently these factors both tend to produce strident 


notes. 
Motor Horn Noise. 
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Fic. 6. 


However, the electrical tuning circuits one can ordinarily employ for audio- 
frequencies are only bluntly resonant owing to the resistance of the inductance 
coils, even when wire of such thickness is used that the coils weigh half a 
hundredweight. Consequently, a simply-tuned audio-frequency amplifier will not 
distinguish between close components, and is not very successful for analysing 
airscrew noise, because harmonics are too close together to be resolved. 


Amplifier 
M ( A 

icrophone (exposed lo Val Low Pass mplifier-— 
noise under analysis) $ Rectifier 

Search 

Frequency 

Generator 

lia. 7. 


Analysis of complex sounds using a search frequency (Gritzmacher), 
Diagram of apparatus. 


It may, however, be adapted to measurements by another method, due to 
Griitzmacher. In this method of analysis the constituent tones of complex sound, 
after being converted into the corresponding electrical audio-frequency variations 
‘by a high quality microphone, are heterodyned in turn by an electrical exploring 
voltage of pure wave form and constant amplitude, but variable frequency. They 
are then rectified and passed on to an amplifying and detecting unit such as that 
just described. A diagram is shown m Fig. 7. 
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The rectifier unit generates—and passes on with the general noise and search 
frequencies—the different tones between the search tone and the components of 
the sound. That is, if the search tone has a frequency s, and component of the 
noise a frequency n, the rectifier passes a frequency equal to the difference between 
sandn. Of this mixture, a filter unit now suppresses all frequencies except those 
less than 30 cycles per second. When, as is usually the case, the fundamental 


of the noise is higher than 30 cycles per second, the indicator is affected only when 
the search tone—of which the frequency is known—lies within 30 cycles of a 
component of the noise. Without entering into details, it may be said that the 


frequencies of constituent tones may be detected, and the amplitudes of the tones 
measured. Some preliminary measurement of the noise of model airscrews have 
been carried out at the laboratory by this means. 


Aural Measurements of Noise 


These purely physical measurements involve apparatus which, although not 
perhaps prohibitive in an aeroplane, are not sufficiently portable for use in pas- 
senger cabins in ordinary service. The aural methods, however, are much more 
convenient in this respect and particularly where the problem of noise is a gross 
one, as in aireraft, they give substantially useful information. 

There are various forms in which apparatus for aural measurements ts 
obtainable, some more complicated and less portable than others. 

In a method T have employed freely in noise measurements (due originally 
to Barkhausen) a comparison note is produced in a telephone earpiece by means 


of suitable buzzer and electrical circuits. The magnitude of the current through 
the telephone, and thus the intensity of sound produced, may be varied by means 
of a calibrated potentiometer. With the telephone earpiece held to one ear the 


current is adjusted until the sound emitted is judged to be equal in loudness to 
the sound heard in the other ear. Alternatively, or better still, in addition, the 
current is adjusted until the telephone note is just inaudible in the presence of 
the noise. 

The procedure of adjusting for equality of loudness may seem troublesome, 
but in my experience different observers tend to get the same result, and over 
a period of many months I have found the method substantially consistent and 
useful. As a matter of detail, T find it helpful to adjust the telephone note first 
until it is clearly too loud, then until it is clearly not loud enough, and thus 
approach the point at which IT am equally ‘f aware ’' of the noise and of the 
telephone note together. 

A convenient division of the instrument seale gives loudness steps of 5 
decibels. This is a step of some threefold in energy, and any differences in 
sensitivity between the two ears of such normal persons as | have subjected to 
test are not sufficient to affect the result. 

It is to be noted that the noise is heard mainly by one ear, and the comparison 
tone mainly by the other. [think that when judging equality of loudness of the 
two sounds this is an advantage (provided the person is of normal hearing, so 
that his ears are of approximately equal sensitivity) for the interference in the 
ear between the two sounds ts avoided. If the two sounds enter the same ear, 
a low-pitched noise, if very loud, can affect practically the whole region of the 
ear, so that it is a disturbed ear which listens to the comparison note. However, 
in my experience, I have not found that it matters much—if at all—whether the 
sounds both enter the same ear or different ones. Small differences there may 
be, but small differences are not important where noises are thoroughly 
objectionable. 

In the instrument constructed at the National Physical Laboratory the buzzer 
note was approximately pure and its frequency was 640 cycles per second. For 


| 
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gurposes of calibration the telephone receiver was placed tightly over an ‘‘ artificial 
I ghuy 


ear canal ’’ (1 cm. dia. and 3 cm. length) communicating with the diaphragm of 
a calibrated microphone. Measurements were made in dynes per sq. cm., of 
the oscillatory acoustical pressure set up in the canal. The instrument was then 
calibrated to read in decibels above 1 millidyne per sq. cm.—a convenient round 
figure representing approximately the minimum audible note at that frequency. 
The calibration has remained constant to 1 decibel or so for nearly two years. 
Tests with the instrument in quietest conditions had revealed rather a lower 
intensity when the zero on the scale could be detected by observers accustomed 
to such work (some decibels lower), but the round figure stated is a convenient 
practical zero. In an audiometer for testing hearing, obtained from America, I 
found that my hearing was certainly some 5-10 d.b. better than the normal indicated 
on the instrument, and in fact the zero value I adopted for the instrument appears 
to agree with that in use in America as judged from this instrument, 

A more elaborate instrument, due to the Western Electric Co., of America, 
employs valve oscillators instead of a simple buzzer, and is adjusted to give several 
notes ranging in pitch from 64 to 8,192 cycles per second. Another form uses 
a gramophone record and electrical pick-up as the source of the note in the 
telephone earpiece. In this case, instead of employing single frequency notes, 
*“ warbling ’’? notes are employed in which the frequency varies say about an 
octave some six times a second. A series of six notes on the record will thus 
cover the greater part of the audio-frequency range. The telephone earpiece is 
also constructed so that the noise under investigation obtains entrance to the 
same ear as the telephone note. In general, what is measured in America is 
usually the masking effect of the noise, that is the threshold shift of the test note 
due to the noise. 

As a very convenient portable audiometer, where a more elaborate instrument 
is not at hand, I have found it possible to use a tuning fork.{ The fork is struck 
in a standard manner, and note is made of the time which elapses before the 
loudness of the fork, when placed as close to the ear as possible with the flat of 
the prong facing the auditory meatus, falls to the loudness of the observed noise. 
The total interval which elapses before the fork is masked by the noise is also 
taken for check purposes. 

The fork actually used had a frequency of 640 vibrations per second. The 
intensity of the note when first struck was about 90 decibels above the threshold. 
The measured rate of decay was on an average about 14 decibels per second, a 
simple relation which arose from the fact that the sensation-stimulus law of the 
ear and the law of decay of the fork are both practically logarithmic. 

On plotting a number of results for everyday noises of various kinds an 
approximately average linear relation was found between ‘‘ equality ’’ values and 
masking ’’ results. By extrapolating this relation it was possible to use masking 
values alone in assessing noises which were louder than the fork, and the scale 
was thus extended to 110 d.b. above the threshold. 


A number of noise levels that I have obtained are indicated in Table I, which 
includes a few measurements of aeroplane noise. 


Dr. E. E. Free,* of the Noise Abatement Commission of New York, compared 
results obtained by the writer’s method with results obtained with a 3A audiometer 
{buzzer type) with an ‘‘ acousti meter.’’ In all cases the simple tuning fork 
method gave measurements of street noise very closely comparable with those 
obtained by the other two methods, discrepancies being no greater than the normal 
variation of the noise under study from moment to moment. 


+ Nature 125, p. 48, 1930. 
* J. Acoustical Society of America, 2, p. 18, 1930. 
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Table Il, compiled by R. H. Galt, for the Noise Abatement Commission of 
New York, is an interesting comparison of noise levels, and it is interesting to 
note how the writer’s measurements of English noise (Survey No. 4) compared 
with the Commission’s measurements by other means in New York. 


TABLE I, 


LOUDNESS LEVELS OF Various NOISES. 
Loudness of Com- 
parison Note At Home In Street In Vehicles 
(decibels above 
threshold) 


130 
120 
110 Noisy aeroplane 
cabin. (Plane of 
propellers. ) 
100 
90 Pneumatic Drill Ditto (rear of cabin). 
(2o!t.). 
rate) Very radio Quict acroplane 
music. cabin, ‘Tube train. 
70 Loud radio music. Very busy traffic. Train (open window). 
Tram, 
60 Busy traffic. Saloon car (35 
m.p.h.). 
50 Conversation, Quiet car, Train (window shut). 
ist class. 
40 Loud whisper Saloon car (25 
(sft.). m.p.h.). 
30 Rustle of leaves in Quiet street, evening, 
wind. no traffic, subur- 
ban. 
20 Quiet garden. 
10 Quiet whisper 


(s{t.). 


Measurements of Sources of Aircraft Noise 


In connection with the Aeronautical Research Committee’s work on aircraft 
noise a number of measurements of noise have: been taken by Mr. E. J. Evans, 
B.Sec.. and the writer in cabins of British and foreign passenger aircraft. 

Also measurements have been made upon the separate sources of noise and, 
working in collaboration with Mr. R. S. Capon, B.A., R.Ae.S., and. other 
members of the staff at the Royal Aircraft Establishment, the writer has from 


’ 


NOISE 687 


time to time made, by means of a Barkhausen type audiometer, a number of 
measurements Of noises emitted by airscrews, exhausts and engines when they 
are running in static experiments upon the airscrew testing plant and engine 
test benches respectively. ‘Table IIT presents a general idea of the level of noises 
observed in these conditions. It is helpful as a guide although the experiments 
were not conducted with a view to such comparison. 


TABLE II. 
Notsk Levens Our or Doors Dun ro Various Noisk Sources. 


Survey of New York Oity Noise Abatement 
Cominission Other Surveys 
Souree or description of noise Source or deseriptio ) 
p urce or description of noire 
DL 
130 Threshold of Painful Sound 
120 
2 Hammer Blows on Steel Plate | Airplane; Motor 1600 r.p.m., ; 
A 
Sound almost Painful (indoor test) | | Isit. from Propeller 
rie Nero Engine Unsilenced—10ft, | 
) 
35 Riveter 
15 20) Elevated Electric Train on open Pneumatic Drill-—10ft. | 
Structure | Noisiest Spot at Niagara Falls 
Heavy ‘Traflic with 7 
15-75 Very Heavy Street Traflic with 1&9 | Elevated Line, Chicago 
elevated Line 
15 50 Average Motor Truck Very Noisy Street, N.Y. or Chicago I 
70 Very Busy Traffic, London 
15-75 Busy Street Traffic 
15 50) Average Automobile 
3 Ordinary Conversation 
15-300 Rather Quiet Residential Street, _ j Average Shopping St., Chicago 6 
; Afternoon { Busy Traffie, London 


Ouiet Automobile, London 


15 50 Quiet Automobile 4 
9 Ouiet St. behind Regent St., London | 


Minimum Noise Levels on Street 
15-500 In entire City (min. Average 
50 590 Day ‘Time | min, instantaneous 
50 500 In mid-¢ min, instantaneous 
Night 
{Quiet St., Evening, No Tratty | 
Suburban London 


‘ts Quiet Garden, London | 
Average Whisper—4ft. 
10 Ouiet Whisper 5ft. | 

Rustlhe of Leaves in Gentle Breeze 3 


0 Threshold of Hearing 


It is evident from the table that a high speed airscrew too noisy to measure 
at less than 80 feet was the most important single source of noise, and experi- 
ments at a distance of %o feet showed the noise of a driven airserew of medium 
tip speed to be approximately equal to the engine noise. 

As regards the separation of engine clatter and exhaust noise, complete 
isolation of the engine and exhaust were not obtained in these particular tests. 
The engine was ina test house and the exhaust was at a distance of several feet 
outside, but there was a large hole some three or four feet square in the inter- 


= 
| 
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vening wall. Nevertheless I believe the general conclusion is true that the 
exhausts of an aero engine, the clatter of the engine itself, and the noises of 
an airscrew driven at moderate speed are all of the same order of noisiness— 
say about 100 decibels. This fact has made it almost impossible to study air- 
screw noise in flight, except for the noisiest airscrews. 


TABLE III. 
ENGINE AND AIRSCREW NOISE. 


Loudness of telephone 
note in decibels 


above threshold. Noise observed. 
Cc. 120 (Norma! onset of feeling and pain in the ear. Beyond range 
of instrument.) 
110* Airscrew (thick section) at high speed (950 ft./sec.) (8oft.). 
110* Unsilenced Napier Lion exhaust (r1oft.). 
102 Mechanical noise of Napier Lion in test house (exhaust outside). 
100 Silenced Napier Lion exhaust (1oft.). 
94 Unsilenced Napier Lion exhaust (8oft.). 
81 Silenced Napier Lion exhaust (Virginia Silencer) (8oft.). 
70 Airscrew (thin section) at low speed (600 ft./sec.) (8oft.). 
60 Steam train compartment. 
40—6o Conversational range (quiet to loud). 
c. 0 Threshold of audition (approx). 


* Highest reading on scale of instrument. 
Airscrew Noise 

Turning in more detail to the airscrew, a number of static measurements of 
airscrew noise were made on the airscrew testing plant at Farnborough under 
conditions giving the same torque coefficient as in flight. + 

The measurements were made by an aural balancing method using the 
audiometer assembly giving a note of frequency 640 cycles per second. The 
results which relate to a fairly open position some 80 feet from the airscrew and 
23° behind the plane of rotation, are generally consistent with the following 
rounded table which acts as a ready reckoner of airscrew noise. 

Using a two-bladed airscrew of thick conventional section (thickness/chord 
ratio=o.12) and 8 ft gin. diameter, with the blades set, for this static test, at 
5° at 51 in., the following smoothed result, Table IV, was obtained, at a distance 
of 8o ft. 

TABLE IV. 
AIRSCREW NOISE. 


Airscrew Speed. Noise Level on Audiometer. 
db. above threshold 
Tip Speed.* Rotational Speed. (0.001 dynes/cm?), 
ft./sec. r.p.m. 

550 1200 72 
740 1600 89 
850 1860 100 
960 2100 110 


* Horsepower varies as (tip speed). 


t The following note, supplied by Mr. R. S, Capon, relates to the conditions of the static tests. 


““ The noise of the airscrews tested was compared on the following basis: An examination 
of the results of tests of the family of airscrews, suggested that if the airscrews were to 
operate at the same point on the efficiency curve (for example at maximum efficiency), at 
the same power and forward speed, then the tip speed u and the diameter D must be so 
related that uD/f was constant, where f is the solidity. The tip speeds of the several 
airscrews were related accordingly in the tests on the spinning tower. The pitches were 
so set that the same power was absorbed at the appropriate tip speeds. In applying the 
results to flight the assumptions are evidently that an airscrew will emit the same noise in 
flight and at zero advance when (a) the tip speeds are the same, and (b) the torque 
coefficients are the same under the two conditions.’’ 
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This airscrew was noisy compared with others tested, and a series of experi- 
ments with other airscrews indicated the following rounded scale of noise 
reductions :— 


Noise reduction of 10 db. per 100 ft./sec. reduction in tip speed. (Some 
airscrews gave higher figure up to 15 db.) 

1 db. per degree decrease of pitch setting. 

10 db. for change to thin conventional section. 

5 db. per foot diameter increase of airscrew (for a 
given power, forward speed and similar 
operating point on the efficiency curve, 1.¢€., 
adjusted pitch). 

10 db. for change to four-blader of same diameter (for 
a given power and appropriate tip speed). (The 
change from a two-blader would, of course, 
involve a change of gear ratio and calculations 
have shown that there will be no actual improve- 
ment if the gear ratio is kept fixed.) 


Clearly one of the most obvious steps in minimising airscrew noise is to use 
large airscrews and avoid high tip speed. 

This implies the use of reduction gear in the engine. Screaming of gears 
may then occur and might be serious, but there are indications that the reduction 
of airscrew speed in this way can be made worth while. Confirmatory evidence 
was obtained on aeroplanes in flight, during a series of audiometer measurements 
of noise made by the writer in conjunction with Mr. E. J. Evans, B.Sc., of the 
National Physical Laboratory. In this series measurements of noise were made 
in two similar passenger aircraft, one with gearing and the other without. 
Table V shows details. 


TABLE V. 
CoMPARISON OF AIRCRAFT WITH UNGEARED AND GEARED ENGINES. 
‘ Machine No. 1. Machine No. 2. 
(geared) 
Airscrew tip speed, ft./sec. Ba 830 685, 
Airscrew diameter, ft. 93 10} 
Aeroplane speed, m.p.h. go—100 90—95 
Average noise levels (db. above 
threshold) in plane of propellers 107 gI 
Ditto in rear of cabin as wee 95 85 


The reduction of airscrew noise by gearing was thus of the order of 10-16 db. 
That the observed gain was least at the rear of the cabin may have been due to 
experimental error, but it may also be that in this region the engine noise becomes 
equally important in the quieter machine. 

It is worth notice that the noise level in this type of aeroplane—with a nose 
engine and with two engines at the side of the passenger cabin—was about 10 db. 
higher in the plane of rotation of the side airscrews than in the rear. Clearly, 
if airscrews cannot be kept away from the sides of the cabin, luggage accommo- 
dation should be situated in the plane of rotation rather than passengers. 

Of course, it is not really possible to draw quantitative conclusions as to the 
cause of the improvements in cases where totally different machines are concerned, 
but it may be helpful to see how various measurements fit in. We may, for 
instance, note that in another three-engined type of aeroplane—a high winged 
monoplane—with airscrews operating at the same tip speed as those in the 
geared machine above, but with the side engines well in front of the passenger 
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accommodation, noise levels of about 80 db. were observed as against 85 db. 
in the rear of the machine already referred to. The difference of 5 db. may 
have been due to the substitution of heavier cabin walls for the simple fabric 
or to keeping the cabin wholly clear of the plane of the airscrews or to a quicter 
engine. 

Returning to the table of airscrew noise reductions, it appears that the use 
of multi-blade airscrews should be advantageous as regards considerations of 
noise. Such airscrews. might, however, be aerodynamically inferior in taking 
off the ground. 

There are obvious reasons why airscrew Hutter should be avoided, besides 
that of noisiness. It is interesting also to note that in a multi-engined machine 
increased noisiness results when, perhaps during occasional yawing of the aircraft, 
the slipstream of a front airserew overlaps that of an airscrew further to the 
rear. This gives rise to considerable bursts of noise, and incidentally to more 
rapid deterioration of the blades. 


Engine Clatter and Exhaust Noise 
It has already been stated that from the results of experiments carried out 
at the Royal Aircraft [Establishment at Farnborough it appeared that engine 


noise was almost as loud as the noise of driven airscrews. Apparently also 
engine clatter gave the same order of noise as a silenced exhaust. The con- 


clusion as to the relative noisiness of ‘* clatter’? and exhaust ’’ is not fully 
definite, because the isolation of the engine from the exhaust was not complete, 
and it may be that exhaust noise masked the engine clatter or vice versa. That 
the engine clatter did not mask the unsilenced exhaust noise is clear from the 
fact that fitting a silencer resulted in improvement. 

A number of silencers have been tested by the Royal Aircraft Establishment 
mainly of types which gave an increase in back pressure not exceeding 1 Ib. per 
sq. inch. In no instance so far has an improvement of more than about 10 db. 
been obtained, except with arrangements not yet practicable for use on acro- 


planes. 

It is too early to say whether reduction of noise is accompanied by a pro- 
portional back pressure on the engine. There are indications to the contrary 
provided advantage is taken of expansion and cooling. Where considerations 


of size or drag prevent the use of expansion chambers, an effective way of 
reducing the exhaust noise appears to be to sphi up the gases into a large number 
of small jets before they impinge upon the air. 

Naturally, exhausts should not be brought just outside the cabin. They 
should preferably discharge above a wing or in some such similar position where 
they are screened from the cabin, 

As regards silencing of engine clatter, enclosed water-cooled engines are 
probably more silent than unenclosed air-cooled cnes, the advantage probably 
being due to the enclosure. Whether the clatter of the engine itself could be 
reduced by other means than by confining it within a housing is a matter for 
designers, but it might conceivably be reduced by suitable modification of the 
motion of moving parts. ‘ 


Isolation of Cabins 

Before turning to the problems of aircraft noise in particular, let us note 
that the question of noise suppression is almost always complicated by the variety 
of sounds involved and by the diversity of routes by which each unwanted sound 
may gain access to the ear. 

In the general case of noise reduction, clearly the first step is to design the 
source so as to be as silent as possible, i.e., so that it does not emit sound. But 
that is not all. If the source is a machine it must be balanced accurately so 
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that it does not communicate vibration to the structure to which it is attached. 
For such vibration travels readily in solids to considerable distances and may 
cause the emission of annoying sound from resonant panels and areas very 
remote from the source. 

Having reduced noise and vibration from the source as much as possible, 
a second step is to enclose it in an enclosure to prevent the escape into the air 
of the residual noise emitted. Also, if possible, the source should be insulated 
from the structure by substantial layers of materials such as cork, felt, or 
rubber, with a view to preventing the access of vibration to the structure. 

It is well to notice that the sound path and the vibration path are not 
necessarily independent. lor instance, if aerial sound from a source were to 
set neighbouring resonant panels in vibration, these would transmit their vibra- 
tion through the structure to resonant panels elsewhere, even at a considerable 
distance. 

Having reduced annoyance at the source, and having attempted to block the 
paths by which sound or vibration could be transmitted elsewhere, the remaining 
step is to keep the sources as remote as possible from all regions from which it 
is specially desired to exclude noise, and to fit these regions with ,special pro- 
tection. This involves constructing a room of which the boundaries are as 
soundproof as possible, in which open windows and other aerial paths for the 
sound are avoided, and in which the inner shell at any rate is isolated from the 
structure so that drumming shall not originate from transmitted vibration, how- 
ever it may have arisen, The construction of the soundproof boundary wall 
may even incorporate a damping material to reduce resonant drumming of the 
walls. 

I should like to dwell for a few moments on this question of a soundproof 
enclosure, for when we come to present-day recommendations for aircraft cabin 
walls, we shall have before us an empirical result for a certain class of con- 
struction. It may be that the future will improve upon this construction and I 
should like to deal with principles of sound-proofing in a wider sense, since they 
may point the way to improvements. Most of the experimental measurements 
of transmission of sound through partitions has been carried out with building 
materials, ranging from light boards to lath and plaster constructions, and 
thick walls. Fig. 8 represents graphically results obtained some two years ago 
by Davis and Littler* at the N.P.L. for the sound reduction in decibels due to 
transmission of sound of various frequencies through a number of panels ranging 
from a sheet of paper to a 4) in. brick wall. It will be noted that in all cases 
the reduction is greatest for high frequencies, but the increase with frequency 
is not regular, presumably owing to resonances. When results for the various 
frequencies are averaged it is found that, for single non-porous partitions, the 
heaviest transmits least sound. This is shown in Fig. 9, where paper, sailcloth, 
boards and a brick wall all lie approximately upon a simple weight curve. In 
Fig. 9A the weights are plotted logarithmically to bring out the linear relation 
and to cover a wide range, but in Fig. 98 the line has been drawn on a natural 
scale. 

A curve almost identical with Fig. 38 has been given by the U.S. Dept. 
of Commerce to cover a large number of homogeneous materials—paper, fabric, 
metals, glass, woods, etc. 

A further important point in connection with the results of Fig. 8 is that a 
certain fibre board was tested as a single partition, as a double partition with 
one layer of board on each side of a wooden framework, as a double partition 
with the frame filled with absorbent (cotton waste), and as a double partition 
composed of two completely insulated boards. In the latter case one sheet of 


* Phil. Mag. 7, p. 1,050, 1929. 
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board was clamped over one face of a test aperture in a double soundproof 
wall and another over the other face. 


TABLE VI. 
SounpD TRANSMISSION THROUGH SINGLE AND DOUBLE PARTITIONS OF 
Fisre Boarp (N.P.L.). 


Average sound 


No. Partition Description. reduction decibels. 
15 Single fibre board (0.5in., 0.66lbs. per sq. ft.) 22 
19 Double fibre board insulated by a 23in. air 
22 Double fibre boards on frame of 1hin. wood 
(62in. x 46in. x 44in. size) ... 34 
23 As 22, but interspace filled with cotton waste 36 


The results summarised in Table VI show that each of the two insu- 
lated boards tended to have its full effect, the sound reduction in decibels being 
of the order of twice the value for a single board. ‘The double fibre board on 
a 4in. frame gave much less reduction, and it is clear that the frame acted as 
a better acoustical link between the two boards than the inter-space air. The 
mechanism of transmission is undoubtedly that the incident sound sets the front 
face in vibration like a diaphragm held at the edges. This vibration is trans- 
mitted via the frame to the other face. Cross ties reduce the insulation and 
introducing felt or other soft insulation between the frame and the panels 
increases it.* 

It will be noted that a filler of cotton waste resulted in improvement, 
presumably by damping the vibrations of the boards, and by adding to the weight 
of the partitions. But since the filler must act also as a cross tie between the 
faces, the net result could not have been predicted. It appears from experiments 
that the advantage of fillers is limited to light panels. Indeed in the case of 
two 2 in. masonry panels, P, E. Sabine found that a filler reduced the insulation 
instead of increasing: it. 

Summarising therefore the general conclusions to which one is led in con- 
nection with sound transmission by partitions, it appears that for single partitions 
weight is the primary factor. There is evidence that the panels transmit sound 
in virtue of the fact that they are set in vibration like diaphragms. (N.B.—An 
oscillatory motion of the air in a sound wave of 1,000 cycles per second is 
audible when the motion is as small as a hundred millionths of a centimetre). 
High insulation can be achieved by two completely isolated panels. Where 
isolation is incomplete (as when both panels are attached to the same structure) 
the insulation is greatly reduced, owing to the transmission of vibration from 
the front panel via the structure to the back one. Insulation between the 
structure and the panels should be useful. A filler may or may not be advan- 
tageous in a double walled structure—it acts as a tie on the one hand, and as 
a damper of vibration and absorber of inter-space sound on the other. 

Turning to the particular case of cabin wall construction, a considerable 
number of measurements have recently been published in America. { 

The results, a selection from which is given in Table VII, show that for light- 
weight partitions a double panel with an air space was little better—and some- 
times worse—than a single panel, and was always worse than a single panel of 
the weight of the combined faces. When a light fluffy filler is employed, how- 
ever, there is improvement, and invariably a composite panel of this type is 
better than a single panel of the same weight. 


Kr 


* Bur. Stands. Sci., Paper 552. 
+ Aeronautics Bulletin No. 25, U.S. Dept. of Commerce, 19380. 
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For heavier panels of 4 in, insulite, there was some evidence that two panels 
separated by an air space were better than a single panel of the combined weight. 
This is in agreement with the results given above for building materials, but the 
weight is becoming prohibitive—14 lbs. per sq. ft. 

Thus the present position is that, of types of panel tested in connection 
with aircraft, a filled double wall is best for excluding sound. Whilst there 
appear to be no experimental figures for transmission through aircraft cabin 
walls constructed with insulation interposed between the structure and the panels, 
such a structure might be a useful improvement. Indeed, in an article by 
Hardecker (Aviation 30, p. Tog, 1931) it appears that in insulating a certain 
machine in America insulating blanket was applied between the structure and 
the outer sheil, as well as between the structure and the inner shell. 

Table VIII compares the average sound reductions obtained with sing 
and with special filled double panels of a given weight. It is noted that good 
insulation can be obtained with cabin walls having a weight in the region of 
1-1 lb. per sq. ft., but that beyond this point the increase in insulation for addi- 


le panels 


tional weight is small. 

This relates to an average frequency. Actually the initial rise in insulation 
is greater for high frequencies than for low. Also in the writer’s experience, 
filed double panels are, relative to single panels, more efficient in’ excluding 
high frequencies than low. 


TABLE VIII. 


Approx. weight of panel Average sound reduction in decibels.* 
Ibs. per sq. ft. Single Panels. Double Panels (Filled). 
oO oO 
0.25 14 
54 19 
tz7 (imitation leather) 
0.75 22 
(micarta) 
1.9 24 {30-32 (insulite) 
1.25 20 
27 
4 34 


* In these results physical measurements of sound reduction for the panels were made at 
a series of frequencies. 

t This panel consisted of an outer skin of fabric, a filler of 2in. 
an inner lining of micarta. 

¢t These panels consisted of an outer skin of 0.025in. aluminium, a filler of 2in. dry 
zero” blanket, and inner linings as specified in brackets. Micarta and insulite are solid 


‘ 


‘dry zero ’’ blanket, and 


materials, 


However, as high frequency sounds appear to be most troublesome, this 
is fortunate. 
The following approximate weights of materials may be of interest :— 


Doped fabric ... ... 0.06 Ib. per sq. ft. 
Single sheet balsa wood, 4in 
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One point needing attention is that fairly substantial windows are essential 
if the exclusion of sound by an efficient cabin wall construction is not to be 
nullified by noise entering through windows. Indeed, fairly heavy glass of thick- 
nesses of 3/16in. to }in. has been recommended, the window being kept as 
small as is acceptable from other points of view. Clearly, also, doors and 
emergency exits should be moderately well fitting, not only to prevent undesirable 
rattling, but to avoid entrance of sound through cracks and gaps. 

It will perhaps be useful to say—as a rough figure—that the combined area 
of gaps, cracks, ventilation duct entrances, etc., should not exceed something 
of the order of one ten-thousandth of the total area of the enclosing surface of 
the cabin. For, unless shielded, they would, on an average, admit as much 
high frequency sound as the rest of a cabin composed of panels affording 4o db. 
insulation at high frequencies, i.e., say, about 30 db. at an average frequency. 
This imposes limits upon the ventilation system, but no very large opening would 
be required in a rapidly moving aeroplane cabin to ensure adequate ventilation, 
Incidentally such an opening should not be located in a specially noisy situation, 


Structure-Borne Sound 

Another item which affects the structure of the cabin walls is the drumming 
which may arise through vibration transmitted via the structure from, say, an 
engine attached to the fuselage. Solid panels should be small and rigid to avoid 
this. Evidently there is advantage if the interior finish of a composite wall is non- 
drumming, and the writer suspects that, from this point of view, a_ pliable 
material such as imitation leather is better than a board-like material, although 
they may have the same insulating value so far as air-borne sound only is concerned. 
Such a case is indicated in the Table, where two panels weighing ? lb. per sq. ft. 
are more or less equal as sound insulators. 

A filler between double walls would clearly tend to suppress drumming 
arising from structure-borne vibration. An insulator between the structure and 
the panel—provided bolts or other ties were insulated too—should be advan- 
tageous. 

It is probably superfluous to say that to minimise structural vibration engine 
and propellers should be perfectly balanced, and ideal engine, exhaust pipes, 
etc., should be insulated from the framework. Possibly, where it is possible to 
attach engines to the wings rather than direct to the nose of the fuselage, it 
is well to do so from this point of view. In practice this would often mean that 
the power plant was nearer the cabin. With high speed airscrews the increased 
noise from this cause might more than counterbalance any gain from removing 
the engine from the fuselage. Indeed, in a case when Mr. Evans and the 
writer had opportunity to compare two aircraft similar in all respects except 
that one had a single engine in the nose and the other two engines in the wings, 
the noise levels were approximately the same, the machine with the two engines 
being, if anything, the quieter. One could expect that with low speed airscrews, 
and with the cabin shielded by the wings from direct view of the engines, 
removing the engine from the nose might have proved advantageous. 


Absorption of Sound within Cabin 

Some time ago Major Tucker,* referring to the sound entering a cabin 
through the walls, etc., from the outside air, evaluated the sound intensity built 
up within the cabin on the assumption that no acoustical energy was lost (con- 
verted into heat) within the substance of the walls of the cabin itself, the sound 
being either reflected or transmitted. This assumption led to the result that 
unless absorbents (persons or materials) were present in the cabin, the intensity 


* Roy. Aero. Soc. J., Vol. 32, p. 185, 1928. 
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of sound built up within it was independent of the nature of the walls. For 
instance, canvas, taken as reflecting 50 per cent. and transmitting 50 per cent., 
gave the same result as plywood (which is supposed to reflect 97 per cent. and 
to transmit the remaining 3 per cent.). It required the presence of absorbents 
(persons or materials) within the cabin to bring out the advantage of the more 
resistant wall. 

The reason for this equality of sound within the two cabins was that 
materials which allow only a small fraction of the incident sound to enter, were 
more effective in retaining the fraction which gained entrance and thus built up 
a high level of reverberent sound. 

However, considering recent results of measurements of sound transmission 
through materials, and upon figures for sound absorption (reflected) determined 
when materials are used for lining rooms, it appears that the true transmission 
may be much less than the complement of the reflection, particularly for par- 
titions which are effective in excluding sound. [or instance, accepting that a 
2 in. plywood reflects 97 per cent. of the incident sound—a rather high figure— 
it transmits about 0.3 per cent. instead of 3 per cent. Presumably the remaining 
2.7 per cent or so is absorbed through surface porosity and through mechanical 
hysteresis of the vibrating panel. Thus absorption occurs in the panel itself. 

Consequently it appears desirable to extend Dr. Tucker’s analysis to this 
case. Formule may be obtained from Sabine’s well known laws for the growth 
of reverberent sound within a room. If the surface of the cabin (of total area A) 
transmits on the average a fraction ‘‘ t*’ of the incident sound, and reflects a 
fraction ‘‘7,’’ the intensity of sound ‘‘ J ’’ (energy per unit volume), ultimately 
built up within the cabin due to sound entering from the outside, is given by 

4x (Rate of entrance of sound energy)* 
(Velocity of sound) x (Total absorbing powert+ of exposed surfaces and 
objects in the cabin) 

For an empty cabin therefore 

where v is the velocity of sound, and IV is the average amount of sound energy 
incident upon each unit area of the cabin exterior. 

If, in addition to absorption by the boundary there is absorption by up- 
holstery, occupants, curtains or other objects equivalent to absorption by B 
square feet of perfect absorbent, the formula becomes :— 

I= 4Wt/v 4) (2) 

For a cabin without occupants «nd contents the formula diffe ‘rs by the 
factor (1—r)/t from those obtained by assuming transmission ‘‘ t ’’ to be equal 
to the complement of reflection (1—r). It is suggested that the following coeffi- 
cients are reasonable :— 


I= 


Plywood. 
gin. 1.4 lbs./sq. ft. r 0.97; t=0.003; (1—17)/f=10 
lbs./sq. ft. r0.95; t=o.01; (1—r)/t=5 
Canvas. 
r=0.5; t 0.5 say 0.47 (1—1)/L=1 approx. 
On this basis, therefore, the sound intensities within the plywood cabin are 
appreciably less than values obtained on the assumption of complementary trans- 


* This formula, due originally to Sabine, and obtained by him in connection with rever- 
beration in buildings, refers only to uniformly diffused sound. It has distinct limitations in 
application to noise in aircraft cabins, but it is instructive to notice the tendency of this 
reverberation effect. 

+ The ‘* absorbing power ”’ of the surfaces includes all losses on reflection, and is actually 
equal to (l—r) x (Area of surface). 

t If t=l—r we have [=4W/v, and the intensity of sound in the empty cabin is thus 
independent of the transmission and reflection coefficients of the enclosing surfaces. 
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mission and reflection. On the other hand, those for the canvas cabin are not 
virtually altered, the figures showing that the 50 per cent. transmission for canvas 
is so great that a few per cent. loss in true absorption is not of special con- 
sequence. 

As regards the values of A and B in formula (2) for, say, an Argosy cabin, 
it appears that 4 =800 sq. ft. approx. For absorption by 20 occupants alone B 
kas the value of about 100, but is increased to 200 by introducing into the cabin 
200 sq. ft. of a fifty per cent. absorbent. 

lor the reduction by the cabin of sounds entering from the outside air, it 
eppears, therefore, to be primarily important to keep ‘‘ t’’ (the transmission 
coefficient) as low as possible, since it oceurs directly in the numerator of the 
formula. The ‘‘ absorption coefficient ’’ (1—r) of the interior occurs in com- 
bination with the appreciable absorbing power of the occupants and furnishings, 
and is not so directly effective. 

It is well, however, to notice the point that absorption of sound within the 
walls (so that ‘‘t’’ and ‘‘ ry’ are not complementary) is useful in reducing the 
reverberent intensity of sound set up inside a cabin, a point which would indicate 
a further advantage of damping materials in the inter-space between double- 
walled structures. 

With the proviso set out above, that the essential consideration is to have 
walls of low transmission value, it is to be noted that absorbent material within 
a cabin is beneficial, particularly when the number of occupants is small for 
the size of the cabin. For a full cabin, a half inch layer of absorbent over the 
interior, although not of considerable value, would be detectable and would add 
to the amenities if the additional weight could be afforded. The additional layer 

say, Kapok—applied over the inner surface of a filled double cabin wall, could 
be covered with a light stretched membrane or a sheet of perforated cloth or 
metal. 


Summary of Present Position. Future Developments 


Summarising briefly, attention has been given to various aspects of the 
problem of reducing noise in and from aeroplanes. At present noise levels in 
commercial machines, stated in terms of the energy level of an equally loud note 
of standard pitch, range from 75-80 decibels above threshold in the quietest tested, 


to 110 decibels in a cabin in the plane of airscrews of a noisy one. In the latter 
noise conversation is impossible. One can converse in a noise level of 85-90 
decibels above threshold on the scale, and when the level falls to 75-80 db. 
conversation may be carried on w‘thout great difficulty. As a result of a study of 


the sources of noise—airscrew, engine exhaust and engine clatter—it 
appears that airscrews, when of high speed, are the dominant cause of noise. 
Conditions favourable for reduction of airscrew noise are reduced speed, larger 
diameter, thin section, ete. The clatter and noise of an engine appear to be of 
the same order of magnitude, say 1oo db. above threshold, as an airscrew of 
moderate speed. Experiments suggest that airscrew noise can be reduced to, 
say, 80 decibels, and accordingly engine and exhaust noise demand attention. 
Probably something can be done by interposing wings as a screen between, say, 
the exhaust and the cabin, or by enclosing the engine. Some degree of exhaust 
silencing, say 10 db., can be achieved by a simple perforated pipe. Further 
silencing may involve increased back pressure. The silencing of engines appears 
desirable, either by enclosing them, or, if possible, by re-designing cam shafts, 
etc., to modify the motion of moving parts. 

Laboratory experiments upon the exclusion of noise by the provision of 
insulating walls, appear to indicate that a reduction on an average of the order 
of 30 decibels may be attained, provided filled double walls of some #lb. to rb. 
weight per sq. ft. are employed. Some reserve is possibly necessary in applying 
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this result to an actual aeroplane. Assuming it applies, however, such a cabin 
would reduce the noise (100 db.) of the power plant outside the cabin to 70 
decibels inside. <A further reduction could perhaps be attained in a design which 
located the power plant well forward or screened it from the cabin. Consequently 
the reduction of cabin noise to practically that (60 db.) in a railway train is 
within the bounds of early developments. 

It seems very probable at the moment of writing that airscrew noise can be 
appreciably reduced. ‘The time is arriving when we shall look to constructors 
to employ quieter or cowled engines, with more adequately silenced exhausts. 

I am indebted to the Aeronautical Research Committee and to Mr. H. E. 
Wimperis, C.B.E., Director of Scientific Research, Air Ministry, for permission 
to give in this lecture an account of investigation carried out, and to Mr. R. S. 
Capon, B.A., F.R.Ae.S. and the Staff of the Royal Aircraft Establishment 


DISCUSSION 


The CuairmMan: He drew attention to the statement made by the author at 
the conclusion of the Paper, to the effect that the reduction of cabin noise to 
practically that (60 db.) in a railway train was within the bounds of early 
developments, and expressed the hope that that courageous forecast would be 
fully justified. If the noise of an airscrew were of the order of 100 db. above 
threshold, and if the magnitude of the noise in the cabin were reduced to 60 db., 
the amount of the reduction would be 40 db., and he asked Dr. Davis to demon- 
strate two notes varying in magnitude by 4o db., in order that the meeting might 
appreciate by sensation the extent of the improvement. 

Dr. Davis made the demonstration, as requested. 

The CuHarrmMan: If the very striking improvement so indicated could be 
effected, all concerned with aircraft would be most grateful. He reminded the 
meeting that experimental work on behalf of the Air Ministry was being pursued, 
not only at the National Physical Laboratory, but also at the Royal Aircraft 
Establishment at Farnborough and the Air Defence Experimental Establishment 
at Biggin Hill. Therefore, he asked representatives of the two latter establish- 
ments to contribute to the discussion. 

Mr. R. S. Caron, B.A., F.R.Ae.S. (of the Royal Aircraft Establishment, 
Farnborough) : The research which Dr. Davis had described so lucidly was 
perhaps unique, in that the answers obtained were largely qualitative rather than 
quantitative. They were at least as much concerned with the quality of noise as 
with the amount of it, and one would expect that opinions in regard to quality of 
noise would differ very widely. Dr. Davis had mentioned the shelling of pea-nuts 
during the playing of an overture as being an example of an objectionable noise ; 
other people, however, might say that the playing of an overture during the 
shelling of pea-nuts was an objectionable noise. In view of this possible 
divergence of opinion it was a little surprising that the results obtained by means 
of the Barkhausen instrument were so consistent. Those concerned with the 
problem at the Royal Aircraft Establishment had been entirely in agreement with 
Dr. Davis that the Barkhausen instrument was by far the best instrument for the 
purpose, and that the difficulties experienced were inherent in the problem itself. 
Invariably they had obtained very satisfactory consistency in regard to airscrews, 
but there was not always consistency in regard to engines. They considered that 
possibly the difficulty in regard to engines arose because there were too many 
frequencies present; possibly the sound was grouped roughly about two frequen- 
cies, and one observer observed one, and another observed the other frequency. 
Frequently one found that there were consistent differences of as much as 10 
or 15 db. in the results of observations made by two different observers on a 
particular engine. That did not imply necessarily, however, that the Barkhausen 
instrument was at fault; the difficulty was inherent in the problem, and experi- 
menters must make the best of it. 
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The decibel was at first a difficult unit to deal with. It was very subversive 
of one’s preconceived ideas, and the experimenters at the Royal Aircraft Estab- 
lishment were very grateful to Dr. Davis for having given them some guidance 
in the use of a unit to which they were not accustomed. Dr. Davis had illustrated 
a difficulty one was likely to meet in using the decibel notation. One was apt 
to forget what a lot of noise could come through a very small hole. One might 
have a curtain which would eliminate 30 db., but if there were a small hole in it 
of one-thousandth the area of the curtain, it would admit as much noise as 
was eliminated by the rest of the curtain. 


The work at the Royal Aircraft Establishment could be classified under three 
headings; there had been experiments on airscrews, on exhausts, and a little on 
sound-proof boards. During the last two or three weeks Mr. Glauert had 
developed a theory concerning the noise of airscrews, and, though it might require 
some small modifications or additions, one felt that it was the fundamental theory 
which was likely to be accepted in the future for explaining airscrew noise. The 
need for a theory of that sort had been felt in the past, and since it had been 
developed it had been very useful in helping the experimenters at the Royal Aircraft 
Establishment to interpret some of the results obtained. In the course of some 
experiments, measurements were made of the difference in the degree of noise as 
the result of a change from two to four blades, running under similar conditions 
on the aircraft. The difference observed was 10 db., and, until Mr. Glauert’s 
theory was available, it was supposed that this was the decrease of noise which 
might be expected from a change from two to four blades. Theory suggested, 
however, that a decrease of about 25 db. should have been observed, and it is 
probable that the discrepancy of 15 db. was due to a change of airscrew section 
which we had thought would have little effect on the noise emission. The theory 
was invaluable in enabling the experimenters to conduct the work economically 
and to interpret the results obtained. : 


The decibel notation conferred one great benefit; it showed that there was 
only one important sound at one time, and that was the noisiest of the group of 
sounds. ‘The staff at the Royal Aircraft Establishment had felt all along that 
there would be difficulty in reducing the noise of the exhaust, and their experience 
had demonstrated that they were fully justified in holding that opinion. In their 
first attempts at silencing they had used a back pressure of only about 1lb., and 
their first impression was that they should get improved silencing by increasing 
the back pressure. Accordingly, back pressure was increased. Various silencers 
were tried, but almost invariably the result was the same—the extent of the 
reduction of noise in each case being about 10 db. The only possible explanation 
was due to an experiment suggested by Mr. Wood—who was in charge of the 
work on silencers in the Engine Department at the Royal Aircraft Establishment— 
which demonstrated that noise was escaping through the sides of the silencers. 
As the result of the experiment they had effected silencing to the extent of 30 db., 
simply by enclosing the whole silencer in a sheath of asbestos with baffle plates 
at the end. They felt, therefore, that they had found the principle which would 
probably have to be followed in order to achieve satisfactory silencing, but that 
they had still a long way to go before arriving at an ultimate solution. The 
enormous heat output would give rise to difficulties in regard to cooling. The 
use of an inner metal tube and baffle plates seemed to be unavoidable, and it 
would be extremely difficult to keep that metal cool. They were happier, how- 
ever, by reason of the knowledge that they had found the principle which probably 
would have to be followed. Now that they had some prospect of bringing the 
work on engine silencing to a satisfactory conclusion, and with Mr. Glauert’s 
theory to indicate the direct lines on which to proceed in the airscrew problem, 
one felt that the problem of obtaining a marked improvement in silencing had 
entered on a new and more hopeful phase. 
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Dr. Tucker (of the Air Defence Experimental Establishment, Biggin Hill) : 
When he had had the honour of reading a paper to the Society in 1928 on the 
problem of noise in civil aircraft, Dr. Davis had sympathised with him in having 
to deal with so difficult a subject; on this later occasion he was in a position to 
reciprocate that sympathy, perhaps even more fully, for on closer study the subject 
seemed even more formidable than it had appeared to be in 1928, with the limited 
knowledge available at that time. Dr. Davis had shouldered his task manfully, 
however, and all would agree that he had given a record of most useful work. 
He was making people familiar with that most troublesome unit, the decibel 
troublesome in so far as it was a sensation unit, although we were trying to make 
it respectable by giving it a physical equivalent. 

The Siemens) Barkhausen noise measurer had its limitations, and was 
difficult to explain why it gave reasonably satisfactory results. There were 
several psychological problems connected with it, as, lor example, the balancing 
of one type of sound with another of entirely different character, but for the time 
being we were able to set on one side these difficulties, in view of the exceedingly 
coarse measurements which had to be made. When one realised that the com- 
plete climination of one engine from a double-engined machine resulted in a 
reduction of sound to the extent of only 3 db. in a noise expressed by 1oo db. 

the coarseness could be appreciated. THis experience in the making of measure- 
ments at Biggin Hill by means of the Siemens Barkhausen instrument had shown 
that good listeners could differ among themselves to the extent of 3 db., and, 
in regard to certain types of noise, by as much as 5 db., corresponding to an 
intensity ratio as between the two sounds of 2 to 1 or 3 to a. It was remark- 
able that when the instrument was used for measuring noises which were sus- 
tained and steady, the consistency in readings was such as to justify Dr. Davis 
in quoting the figures given in his tables. When, however, one tried to use the 
Barkhausen instrument for low intensities and for intermittent sounds, such as 
were experienced in an engine room, for example, one was rather bothered, and 
the decibel scale seemed to go to pieces. It had always been rather a mystery to 
him as to why one could measure the intermittent noise of street traffic, pneumatic 
drills, ete., with any degree of certainty, and it seemed to him that some of the 
figures given were extremely speculative. 

The possibilities of estimating the loudness of a complex sound from. the 
loudness of its constituents, which had been mentioned by Dr. Davis, was a line 
of enquiry which had been followed up at Biggin Hill. Results had been obtained, 
however, which showed that if one added up the decibel values of all the con- 
stituents of a propeller sound——i.e., its harmonics- a decibel value greatly ex- 
ceeding the decibel value for the total sound could be obtained. Taking the 
propeller alone, and adding the decibel values for all the constituents from the 
fundamental up to about the fifth harmonic, the total arrived at was about 150, 
whereas the output was obviously less that too all told. rom that experiment, 
therefore, it must be assumed that one could add decibels when one departed from 
noise to pure musical sounds of various frequencies, and for that reason it was 
very puzzling as to why the instrument worked so well— but it did work. One 
might be tempted to say that decibels belonging to one frequency could not be 
considered as being comparable with those of another frequency. It must also 
be assumed that if, from a complex sound, one removed a series of sounds of 
pure form, one would not be justified in deducting from the total decibel output 
of the complex sound the decibels corresponding to each of those pure sounds. 
There appeared to be a reasonable addition and subtraction when dealing with 
noise, but certainly there was not when dealing with musical sounds. 

Dr. Davis’? method of measuring noise by the use of tuning forks was very 
valuable and extremely simple. One would hardly expect to gain any information 
worth having by hammering a tuning fork on the heel of the boot, holding: it 
to the ear and noting the time which elapsed before the sound decayed, but. it 
did give good results. He was very grateful to Dr. Davis for having thus pro- 
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vided a method of assessing the value of disturbing sounds, such as wind rustle, 
etce., When listening to at a distance. 

With regard to his (Dr. Tucker’s) expression for the calculation of the 
sound effect inside a cabin— which was referred to in the paper he said the 
example he had taken was the ordinary Argosy cabin of doped fabric, and he 
had assumed that the amount of absorption within the fabric walls of the cabin, 
and in three-ply when that was used as an alternative, was a negligible quantity. 
At that time no figures were available, so that, although he could have worked 
out the expression which Dr. Davis had given in the paper, it did not seem of 


practical use at that time. He had wanted to emphasise that the use of a wall 
so flexible and light as doped canvas was really quite absurd. The figures re- 
quired had since been obtained, and he was glad that Dr. Davis had revised the 
formula to incorporate them. Working from Dr. Davis’ expression, the use of 


three-ply would give 17 db. reduction in sound over and above that effected with 
doped fabric, whereas he had worked out that the improvement was only o db. 
Dr. Davis’ figures strengthened the argument in favour of rigid cabin walls. 


Mr. H. Ae. Fle would confine his remarks to the 
problem of airscrew noise, with which problem his recent work had been con- 
cerned, first thoughts one would expect the noise ‘to be mainly of the 
fundamental airserew trequeney, t.e., the number of blades times the rate of 
rotation, but in fact the observations showed that that frequency was not normally 
detected. Many years ago experiments had been made at Farnborough on the 
Whirling arm, and when measurements were made it was found that the frequencies 
were generally far higher than the fundamental frequency. These results had 
led him to think that the frequency was other than the frequency associated with 
the fundamental, and he noticed that the frequency did in’ fact) correspond very 
closely with the frequency one would expect from a cylindrical rod, or some- 
thing similar, moving through the air at the same speed. The fact that the blod 
of an airserew was moving in a circle altered the method in which one heard 
the noise, but the source of the noise was simply the rapid movement of the blades. 
The conception that the noise was due to the drag of the blades led to a slightly 
different interpretation of the experiments which had been made, and therefore 
he had come to conclusions slightly different from those mentioned by Dr. Davis. 
kor example, the experiments on the spinning tower were adjusted so that the 
blades absorbed the same power as they would on an acroplane, the adjustment 
being made by changing the blade pitch, but the adjustment should have been 
made so that the blades worked at the same angle of incidence in their path 
through the air. The power was purely a subsidiary quantity. It was sometimes 
sald that the noise made by an airscrew represented wastage of power, and that 
was true academically, but, on looking into that matter closely, he had found that 
the actual noise energy represented something of the order of one-thousandth 
of the power absorbed by the blades, so that if that energy were saved there would 
be no noticeable improvement of performance. In his opinion there was also 
another possible source of sound, apart from the drag of the blades, and that 
was the pressure system which accompanied cach blade in its rotation, That 
system was intimately associated with the thrust of the airscrew, and his cal- 
culations suggested that it would give a noise of the same order of intensity at 
a position close to the airserew. But, as it seemed to depend on the thrust horse- 
power rather than on the thrust itself, that noise would not) be appreciable 
in the experiments on the spinning tower. The drag noise, which was the pre- 
dominant one in most cases, depended mainly on the tip speed of the airscrew, 
and varied as a very high power of that tip speed. That implied that the noise 
came almost entirely from the tips of the blades, and that the inner parts of the 
blades were not important. Improvement could be obtained by using thinner 
sections or sections of better aerofoil shape, also by reducing tip speed by the 
use of gearing, and—this was a matter on which he differed from Dr. Davis 
an improvement could also be achieved by using four blades instead of two. — It 
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seemed to him that by adopting those three changes in a reasonable manner one 
could obtain a reduction of the order of go db. We might then find the noise to 
be below the level of the thrust noise, but, fortunately, the thrust noise was 
also reduced if four blades were used instead of two. Therefore, the indications 
were that, from the point of view of noise reduction, we should use four-bladed 
instead of two-bladed airscrews as far as possible. 


The Mr, Glauert’s theory would be discussed at length at the 
next meeting of the Acronautical Research Committee. 


Mr. D. R. Pyr, M.A., F.R.Ae.S. (Deputy Director of Scientific Research, 
Air Ministry): Phe decibel seale seemed to break down when applied to very 
low intensities of sound. For example, if there were two atireraft in the distance, 
each producing a noise, audible to the listener, of 1 db., the two machines together 
would produce a noise of 4 db., according to the formula. Putting the same 
diftheulty in another way, if each of the aircraft was just inaudible to the listener, 
the two together would produce a noise of 3 db. Perhaps that was not a 
legitimate point to make in regard to aircraft noises, however, because aircraft 
noises were gross things—they were cngineering problems, and not delicate 
physical problems. An indication of the ditheulty of these problems was given by 
one of the figures quoted by Dr. Davis. In the paper he had referred to 5 h.p. 
in the form of sound, at a distance of 10 ft., as being painful, and, therefore, of 
the order of 130 db.; when one remembered that if the energy were halved the 
noise would be reduced by only 3 db., and when one remembered also that in the 
case of an aircraft engine something of the order of 250 h.p. was coming: out with 
the exhaust gas, it was not surprising that something rather painful in the way 
of notse was emitted. In order to reduce a noise from the painful level of 5 h.p. 
at 10 ft. to a reasonable one of 7o db., one would have to reduce the amount of 
energy emitted in the form of sound something like one millionfold, so that a 
very small proportion of the energy that was getting out through the exhaust 
system must be allowed to take the form of sound, namely about 0,000,002 per 
cent. Tt was interesting to speculate as to the point at which the energy in the 
exhaust became noise, and why it did so. At the moment the exhaust valve of 
an cngine opened, the pressure in the cylinder, broadly speaking, would be about 
50 Ibs. per sq. in. Tf one had a vessel filled with air at a pressure of 50 Ibs. 
per sq. in. and at ordinary atmospheric temperature, and if that pressure could be 
maintained whilst at the same time the air was released intermittently through 
something equivalent to the ordinary engine exhaust valve, opening and closing 
alternately, so that a pull of cold air was emitted at intervals from the internal 
pressure of solbs. per sq. in. to atmosphere, would the noise be less than that of 
the exhaust of an acroplane engine? He had not tried the experiment, but it 
would be rather interesting to do so, and his strong feeling was that the noise 
produced under those circumstances would be much less than from, an aero-engine 
exhaust. In other words, it was not just a question of the release of pressure from 
a cylinder in the case of an engine. The other main feature was that the tempera- 
ture of the gases, before the valve in an engine opened, was something like 1,000° 
or 1,200° ©. It would not be impossible to experiment with a vessel in which 
the pressure was maintained steady, and the air temperature could be varied, and 
from which the gas was released intermittently, as before, in a manner similar to 
the release through an exhaust valve. [It would be of great interest to study the 
effect of a gradually increasing temperature upon the noise produced. As a rather 
wild guess, and without experimental evidence, he suggested the possibility that 
the excessive noise produced by the intermittent flow of gas from an exhaust 
valve arose from the association of a high temperature with the pressure before 
release. When the valve opened the pressure outside the valve was something 
between a quarter and one-third of the pressure inside the cylinder, and therefore, 
by a well-known law of physics, the gas would acquire, through the neck of the 
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valve, a speed equal to the velocity of sound. At the same time, as it came out, 
it must heat up the air into which it was flowing very rapidly, and it might be 
that an extremely violent sound wave was venerated in the surrounding air by 
the rapid heating and expansion of a layer of air which was already being pushed 
back at the speed of sound by the outflowing exhaust gas. He suggested that 
experimentation on such lines, in order to find out what it was that influenced the 
amount of the energy of the exhaust gas which was transformed into sound, and 
why, might ultimately help in the solution of the problem of producing a more 
effective silencer than those so far used. 


Mr. C. G. Grey (Iditor, “ The Acroplane ’’) : The Paper and discussion had 
been very interesting, because it was so nice to have scientific figures, which 
nobody could understand, about things which most people had thought they under- 
stood. Obviously, none of us ever knew anything about sound before. Com- 
menting upon Mr. Pye’s suggestions coneerning experiments on the release of 
gases from oa vessel in which the internal pressure was high, he asked if the 
noise produced by the extraction of a cork from a bottle could be explained, because 
the process seemed to be analogous to the opening of the valve of an engine. 
A good deal had been said about the noises produced by airscrews, but it seemed 
that none of the experiments referred to had taken into account the fact that most 
of the noise experienced in the cabin of an acroplane was not airscrew noise, as 
such, but was due to the battering of the wings, struts, ete., by the slip-stream. 
If one watched from the cabin one felt it over the head and body, and it: coin- 
cided more or less with the passing of the blades between the engine and the 
wings. Tf the engines could be placed out of the way of the structure of the 
aeroplane, so that the propellers would have nothing but air to work on, the 
noise inside the cabin would be nothing like so geat. When a racing motor 
car was travelling fast, with the exhaust open, the driver inside the car did not 
hear much noise, but the people outside heard a great deal. Similarly, he believed 
the twin-engined Fokker was about the noisiest aeroplane in the world from the 
point of view of those outside the cabin, but people could sit inside the cabin, 
almost within touching distance of the engine, and talk more or less comfortably 
when the engine was running. Could anyone explain that? THe believed) the 
sides of the cabin were of ordinary fabric, and not three-ply. It might be very 
nice for the passengers to be able to travel inside a sound-proof box, but the 
provision of such a cabin did not increase the efheiency of the acroplane as such. 

Mr. M. L. Bramson, F.R.Ac.S.: His experience of the flying of S.E.5’s 
arranged for sky-writing purposes confirmed the remarks of Mr. Capon and Mr. 
Grey, that it was beneficial, from the point of view of reducing noise, to have 
the exhaust orifice far back on the machine. The S.f.s machines he had used 
for sky-writing were fitted with 220 h.p. engines, and, for reasons entirely un- 
connected with the noise problem, the exhaust pipes were lengthened and joined 
at the back of the machine, and they were also surrounded with asbestos material. 
Phe purpose of the asbestos was to retain the heat required for sky-writing 
purposes, and the exhaust pipes were lengthened in order that the pilot: should 
not be troubled by the fumes. Some difhculty of the kind foreshadowed by Mr. 
Capon, due to the overheating of the metal of which the exhaust pipes were made, 
was experienced, but the machines were quite the most silent open cockpit aircraft 
he had ever flown. 

The CHatrMan: The investigation of the problem of reducing the noise of 
in aeroplane could be likened to the process of peeling an onion. One did not 
know in advance how many or how thick the layers would be; when one layer 
was peeled off there was found beneath it another, apparently of very much the 
same diameter as the first; when that second layer was pecled off one was still 
in somewhat the same position. Similarly, in many cases the greatest noise in 
an aircraft was due to the airscrew. They knew a method of reducing the 
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airscrew noise by 10, 20 or 30 db., but when they effected that reduction they 
found that the exhaust noise was revealed in its full fury. A silencer was then 
fitted, so that the noise of the exhaust was reduced, but then it was found that 
the engine clatter was almost as noisy as the exhaust and the airserew had been 
formerly, Those were the three most troublesome noises to be dealt with, so 
far as they knew, but he was curious to know whether, after those three noises 
had been climinated, or reduced substantially, they would find some other un- 
expected noise perhaps that to which Mr. Grey had referred which would need 


further drastic action by their seientific workers. In the meantime, of course, 
they were advancing, because presumably at each peeling of this onion they 
eliminated 10 db. Dr. Davis had spoken of a high-tip-speed airscrew producing 
a noise of 110 db. above threshold at a distance of So ft. “The peculiarity of the 


decibel scale was that, on the inverse square law, if the distance were doubled 
there would be a drop of 6 db., because doubling the distance meant, on the 
inverse square Jaw, one quarter of the energy; the logarithm was 0.6, and 1o 
times 0.6 was 6. In view of this, he had wondered how much of the 110 db. 
would remain if the aeroplane and airserew were 5 miles away instead of only 
%o ft. rather more than 300 times the distance of So ft. On the inverse square 
law there would be a drop of 60 db., so that there would still be 50 db. left. 
That was fairly clear evidence that the inverse square law did not apply ; either 
there must be absorption, or the energy was falling off at a higher rate than was 
indicated by the inverse square law. Tf it fell off as the fourth power, there would 
be a drop of 100 db., and only to db. would remain. So that, of the two laws, 
common sense indicated that the latter was probably nearer the mark; but, of 
course, he had not dealt there with the absorption effect, and he did not know 
what it was. 


He would like to put on record that the decibel notation, taken from = the 
telephone practice, was linked up with radio telegraphy. For many years the 
radio telegraph people had used a scale, the Ri to Rito notation, giving an 
indication of the effectiveness of the transmission; the steps in that scale were 
actually about 6 db. apart. That was a convenient linking of the two things. 

Ile had been always sensitive as to the scientific basis of the measurements 
made by the Barkhausen audiometer, and for the kind of reason that Dr. Tucker 
had suggested; the best defence he could make was by analogy-— apart, of course, 
from the fact that it worked that photometry we had become 
accustomed to using a photometer, in spite of the fact that we were frequently 
not using mono-chromatic light. 


He moved a vote of thanks to Dr. Davis which was carried with enthusiasm. 


Dr. CROWDEN : Is the threshold level the same for two ears as for one in the 


case of a person of normal hearing : 


Prof. A. M. Low (Communicated): We came there as the representative of 
the Noise Abatement Socicty. 

When the lecturer states that annoyance is a difficult sensation to express 
he found himself thinking that he has not quite appreciated the attitude of the 
public towards acroplane Noise. 

His own experience extended over the past twenty years and covered passenges 
aircraft, military aireraft, and further to the modern type of passenger-carrying 
machine operating in this country, 

Quite a number of firms are attacking this problem and he had recorded 
these noises both in the air and on the ground, while recently he spent nearly 
eight months travelling in special carriages on a railway to determine how noise 
can be prevented, its injury to the public amelorated and the worst and most 
uritating characteristics analysed, 


He had also dealt with buildings containing various types of machinery and 
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made detailed tests upon the new Diesel liners recently launched. These ships 
are substantially girder structures and compare closely with some types of aircraft. 
In the case of aeroplanes the passenger has to cope with direct engine noise, 
direct propeller noise with its added difficulty of propeller interference, and noise 
due to rapid movement of panels by vibration, 

He attached great importance to Mr. Grey's comment on this point from 
the experience of his own investigations, because noise is not always within 
audio frequency, although such inaudible disturbances can easily become audible 
by ‘‘ interferences.’’ A familiar example is the car noise which becomes audible 
at varying distances from an open bonnet when the ears are stopped. 

Noise affects the body through many other channels than the normal ear. 
The bones of the head alone render the practice of using cotton wool virtually 
abortive, while the energy of all these combined sounds and noise requires the 
output of so much physical and nervous energy for its rejection that sickness is 
easily caused. 

Occupants of tanks will say that severe noise reduces sensitivity and the 
power of observation. This is important from the point of view of the pilot 
although he is often less enclosed than the passenger and may not, therefore, 
fully appreciate this point. Immunisation by padding is little help, for energy Is 
wasted from both engine and passenger even if the latter is unconscious of the 
power he wastes in resistance. 

It is possible to put a person in a chair and to induce sickness by noise in 
some cases, while typists have been shown to be far less éflicient in the presence 
of air oscillation. 


Boiler shop workers may hear better in the midst of clatter, but no one has 
suggested that atrophy of the drum, etc., is desirable! Even expected noise can 
be physiologically injurious. Irom the popular aspect he sincerely believed that 
air noise represents the one great failing in what may be the most useful form of 
transport in the future. 

Ship designers realise that silence is as important as the provision of silk 
curtains in a dining room, while automobile cngineers have grasped that noisy 
engines may be good enough for open sporting vehicles but are useless for the 
closed car which is now so popular. 


An increase of physical comfort is the distinctive factor of all modern travel, 


but the aircraft designer at present refuses to follow suit and to pay. He did 
not mean in money, but in sacrifice. The designer did not realise that efficiency 
to the passenger is not alone achieved by speed. This merely reduces the period 
of discomfort. Designers still seem satisfied and almost surprised to find that 


their products can carry a load. 

The moter-car is a useful comparison for the public willingly pay £.3,c0o 
to take four men about at the same speed as that achieved by a 4,100 four-seater, 
with the sole difference that the occupants of the car which costs a small 
fortune to run, can travel without noise or vibration. 

Passengers can be insulated if power-weight, engine efliciency cannot be 
reduced to secure direct silence. Materials are available which are fireproof and 
which ‘‘ talkie’’ studios have proved satisfactory over a wide range of fre- 
quencies. He agreed with Dr. Davis that it is often practicable so to change 
characteristics that speech is not subjected to interference. This is done in the 
case of one railway and several modern cars, which, for reasons of quantity 
production, cannot be equipped with silent engines. 

Rigidity of panels in this case is not always satisfactory, for a severe 
diaphragm effect can be caused which takes odd engine noises into the remotest 
corners ready for reflection from curved surfaces into a passenger's ear. 


NOISE 107 


Aural methods of test are often, in his experience, unsatisfactory, because 
the human ear varies in receptivity after every meal, while many electrical 
methods are too dependent upon microphone characteristics. A microphone 
often refuses to illustrate the very form of peak which Dr, Davis states pro- 
duces the intelligibility of speech. 

Little hope has been afforded to the traveller who finds himself unable to 
work after a journey, other than to offer him radio music en route. He believed 
that even propeller efficiency is worth some sacrifice for silence, and that certain 
forms of shrouding or joining of the tips might be worthy of test in view of 
some experiments he had just completed. 

It has been said that on some railways a large increase in passenger trathic 
would result if the public could travel so that the traveller may not know he is 
travelling ! 

Another aspect is that of the earthbound population. They were told that 
night flying represents the future of air transport, so that it seems to be only 
the paucity of aeroplanes which renders their presence bearable. He suggested 
that the situation should be tackled in time and he believed that Dr. Davis in his 
magnificent paper has performed a public service by drawing attention te the fact 
that aircraft must be brought into line with other transport. 

It is quite possible that the Fokker type may be best as has been suggested 
by Mr. Grey, but he must disagree with the point that cold gas can be exhaustea 
rapidly without noise. A’ street drill rather disproves this theory, 

Noise is ill-mannered, and, what is nearly as bad, it is illegal. The Noise 
Abatement Society earnestly hopes that designers will agree that comfort is a 
vital part of efficiency. They are not allowed to use a washing basin over a 
town, but to spray the public with noise may well prove eventually more 
damaging. 

Commander C. N. Cotson (Communicated) : He would like to ask whether 
any specific experiments have been carried out to discover whether the noise 
from a tractor airscrew is more, or less, than from a pusher airscrew. He did 
not mean that any account should be taken of the fact that the pusher arrangement 
usually means that the airscrew is more remote from the aircraft cabin, but merely 
the actual noise from the airscrew itself. Secondly, whether there has been found 
that there is any difference between the exhaust noise of a high compression 
ratio engine or an engine of low compression ratio. He did not think that 
sufficient attention has been paid by manufacturers in general to the elimination 
of unnecessary vibrations and rattles in the cabin. — It is often possible to eliminate 
many very annoying noises by tightening up small parts which are rattling, and 
these in the aggregate undoubtedly are responsible for a very large proportion of 
the total noises in the cabin. Furthermore, when noise is considered in the light 
of annoyance to passengers, he thought vibrations which cause actual physical 
discomfort should be taken more notice of, since it is undoubtedly the fact that 
these are a very serious contributory cause to air sickness. 


REPLY TO DISCUSSION 


Dr. Davis, before replying to the discussion, expressed his indebtedness to 
Dr. G. W. C. Kaye, Superintendent of the Physics Department of the National 
Physical Laboratory, for having granted him facilities for his demonstrations, and 
to Mr. R. Berry and Mr. Butcher, his assistants, for having helped him in the 
giving of them. 

Next, with the help of Mr. R. S. Dadson, B.A., Dr. Davis demonstrated 
the analysis of a noise by the Griitzmacher method, as described in the paper. 
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\fter an expression of gratitude to those who had made comments and had 
added information in the course of the discussion (and thus in some cases had 
answered points raised by other speakers), he commented on the fact that Mr. 
Capon had experienced some difficulty with the Barkhausen instrument in certain 
cases, and said that no doubt there were limitations to so rough an instrument. 
He hoped that Mr. Capon would find closer agreement as between the results 
obtained by different observers later on; it was noticeable, at the same time, that 
whilst the results of the different observers mentioned differed in absolute magni- 
tude, the difference was always to the extent of about 15 db., so that they were 
reliable to some extent on difference. 

Commenting on Dr. Tucker's comments on the speculative nature of the 
measurements of intermittent noises by means of the Barkhausen method, he 
said that he himself had been surprised by the regularity with which he had 
obtained the same result when measuring such noises. Te added that it) was 
quite easy, if one could not apply the balance method, to determine when an 
intermittent noise, such as that of a pneumatic drill, drowned another noise; he 
had found that helpful placing various noises ino an order of merit, which 


usually agreed with that arrived at by means of the ordinary balance method. 


no known 


Replying further to Dr. Tucker, he said he believed there was 
formula for assessing the loudness of a complex note from a knowledge of the 
loudness of its constituents, apart from one which had been put) forward by 
Steinberg, to cover a restricted range of Observations, some time ago. It was 
a formula which enabled one to obtain a measure of the loudness of a sound com- 
posed of components of different pitches, but it did not involve simply adding 
together the loudness values of the various components jit was a very complicated 
process. He had tried it with moderate success in assessing a motor horn noise. 
Dr. Tucker had pointed out that a noise of too db. above threshold from an engine 
would only be increased by 3 db. by adding the noise of a similar engine. Conse- 
quently, it was not to be expected that much more than 3 db. would be added by a 
second engine if it were of different pitch to the first. The difheulty was to find 
a formula which would assess, for all pitches and loudness levels, the increments 


to be added for additional components of sound, 


Mr. Glauert’s valuable contribution to the solution of the problem of airserew 
noise was awaited with interest. Tt was noteworthy that Mr. Glauert still 
regarded airserew tip speed as being of amportance, and considered that a thin 
section was desirable. Phe measurements previously obtained static expert- 
ments were vestures in the right direetion; that was all that had been hoped fos 
in the first instance, and it would constitute a great advance to have this matter 
placed on a firmer foundation by theoretical work. Mr. Glauert’s indication of 
the greater importance of multiblade airscrews would appear to be a valuable 


practical contribution. 


With regard to Mr. Pye’s suggestion that the decibel scale broke down at 
low intensities, Dr. Davis said he had stated in the Paper that it was at intensities 
gvreater than about rot times the minimum audible (i.e., about qo db. above 
rjess a sensation unit. Tt must be used 


threshold), that the decibel became more ¢« 
only with diseretion at low intensities, but we were not yet fortunate enough to 


be able to deal with airserew noises in that region. 


The ideas put forward by Mr. Pye concerning the investigation of the problem 
of exhaust noises were attractive; we ought really to find out what were the 
causes of the notse from the exhaust, and how it could be avoided. \ report 
issued by the United States Department of Commerce, dated October ist, 1930, 
contained the only published statement he had seen as to the manner ino which 
an exhaust silencer acted. THe was doubtful about taking it for granted that 


250 h.p. came out with the exhaust yas of an acro engine. 
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Discussing Mr. Grey’s complaint that apparently none of the experiments had 
had regard to noise due to the battering of the wind in the slip-stream, Dr. Davis 
said that noise observations had been made on various types of machine. He had 
thought, on occasions, that air-stream-caused vibrations had contributed to the 
noise, but he had usually felt that the chief source was the engine and airscrew. 
In one air-liner referred to in the Paper a change from an ungeared to a geared 
engine effected considerable improvement. As the machine travelled at about 
the same speed after the change as before, and was thus equally so battered by 
the wind, he considered it proved that the high-speed airscrew had been the 
dominating source of noise, in this case at any rate. He had had the good fortune 
to fly in the twin-engined Fokker air-liner mentioned, and it was the craft referred 
“ structure-borne sound.’’ His impression was that the cabin 
walls of that machine were more substantial than those of the British machines, 
and that the engines and power plant of the Fokker machine were well forward 
as compared with the position of the engines and power plant in, say the Argosy 
machine; he attributed the improved conditions from the point of view of noise 
to the more substantial cabin walls and the better location of the machinery. Also, 
as indicated in the Paper, there was possibly less drumming in the cabin with 
the engines situated on the wings, than with them attached direct to the nose of 
a fuselage. In some machines the power plant and the cabin were situated between 
the wings, so that any noise created by the power plant went to the cabin, direct, 
or by reflection, or via the structure through vibration set up in the wings. 


to in the section on 


It was interesting to hear Mr. Bramson’s statement of the good results 
observed on a machine having the exhaust pipe outlet lagged, and opening well 
to the rear of the machine. He firmly believed that the exhaust pipe should be 
sensibly located, and not placed just outside the cabin window, as was sometimes 
the case. 

He was unable to answer Dr. Crowden’s question as to whether the threshold 
level was the same for two ears as for one in a normal person. The thresholds 
were not very definite. Krom such experience as he had had, however, in 
listening with both ears and with one, he would suggest that the threshold was 
about the same. 

In answer to Commander Colson, it was replied that some experiments had 
been carried out on the relative noisiness of pusher and tractor airscrews, but 
no definite conclusions were yet available. 

In reply to Profesor Low, whilst it might be true that the human ear varied 
in receptivity after every meal, Dr. Davis had not found any serious variation 
, say, 5 db. in the sensitivity of his own car from time to time. As 
regards electrical methods that might be used in the measurement of sound, care 
was taken to guard against interference duce to microphone characteristics, and 


(exceeding 


at the National Physical Laboratory only carefully calibrated high quality micro- 
phones were used. 

He was not quite sure what reply he should make to the Chairman’s reference 
to reducing the loudness of an airscrew from 110 db. at So ft. to 50 db. at five 
miles. His reply might be somewhat on the lines of the Chairman’s explanation, 
but, given a little time to think it over, he believed he would be able to put forward 
other factors which might affect the calculation. It had to be clearly recognised 
that in aural measurements one did not measure the energy in the noise, but 
only the energy in a note of standard pitch judged to be as loud as the noise. 
To know the energy content of the noise one would require to know its pitch. 


In applying the inverse square law to aural estimates of noise, certain points 
needed to be observed, if low frequency noises were concerned. For a ten-fold 
decrease of energy (10 db.) at low frequencies such as 64 cycles per second, had 
a loudness effect equal to that of nearly 100-fold (20 db.) decrease at 800 cycles per 
second. (See spacing of equal loudness curves on Fig. 3.) 


— | 
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On this basis one could consider the case of an airscrew noise of very low 
frequency, and judged at 80 ft. to be as loud as an 800 cycle note 110 db. above 
its threshold. At five miles the energy of the airscrew noise itself would be 
reduced by one-millionfold (60 db.), and the equivalent reduction of an 800 cycle 
note to give equal loudness change would be of the order of 120 db.—+.e., the 
comparison note (and by inference the airscrew) would be inaudible. This calcula- 
tion illustrated how questions of pitch might enter calculations of the audibility 
of sounds, and illustrated the relevance of the earlier curves of the paper when 
such inferences had to be made. 
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A STUDY OF SLOTS, RINGS & BOUNDARY LAYER CONTROL 
BY BLOWING 
BY 
H. C. H. TOWNEND, B.Sc., A.F.R.AE.S.* 


(February, 1931) 


Introduction 

1. In this paper a study has been made of certain cases of airflow in which 
various means are employed to control the behaviour of the air so as to prevent 
breakdown in the flow and the resulting turbulence. It is mainly an attempt to 
analyse the evidence which exists on such phenomena as slots, rings and boundary 
layer control by means of blowing through backwardly-directed slots in the 
surface, and to determine, if possible, the extent to which their apparent similarity 
corresponds, if at all, to an identity of physical principle. 

A great deal of experimental work has been done at various times on such 
devices, and in this paper some of the published results are discussed and an 
attempt made to correlate them. In addition, some further experiments have 
been made to fill up gaps in the data available, or to extend their scope. ‘They 
include other examples of control of airflow at sharp corners (Part I.); some 
of the cases considered differ widely from others, but all exhibit the reduction in 
eddying which results from assisting air to negotiate sharp corners or bluff 
obstacles with the least disturbance possible. 

A study of these cases is made in Part II., where their points of similarity 
and difference are discussed and conclusions drawn with regard to the essential 
features of each of them. 


Part I. 


DESCRIPTION OF EXPERIMENTS 


2. In the tests on a slotted wing described below, the section used was R.A.F.31 
slotted. There were several reasons for choosing this section apart from the fact 
that the model was already in existence. 

The section has good characteristics with slot both open and closed. The 
results of many experiments on it are available. It was considered specially 
suitable for the present purpose since the main aerofoil appeared to have a good 
section with the slat removed. ‘This point is important when studying the changes 
in flow over a given section (t.e., the main aerofoil) which results from adding a 
slat or pilot plane without any modification to the section itself. 


3 Airflow Observed on the Whirling Arm 


In approaching this study, the need was felt for a picture of the airflow 
around a slotted wing, and to obtain one, an existing aecrofoil of (unslotted) 
R.A.F.31 section, of 12 in. chord and 18 in. span, was mounted on the Whirling 
Arm. At the outer end of the span a thin board 10 in, by 20 in. was fixed normal 
to the span. A slat was fixed along the inner 12 in. of span forming a tip 
slot and the angle of the slat chord (@) was adjustable about a pivot near the 
nose of the slat. The airflow was photographed at a section midway along 
the slat, by means of titanium tetra-chloride smoke. The camera was fixed to 
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the Arm with its optical axis passing just above the upper surface about ¢ in. 
behind the trailing edge of the slat. 

Only low speeds were possible with this apparatus; the average value of 
VL was about 5. The smoke was only o.5 chord from the wing tip, and the 
section of the slotted wing was not that of the standard R.A.F.31 (slotted), 
though the slat was the same. The latter was placed as far as possible in a 
corresponding relation to the main aerofoil as with standard R.A.F.31 (slotted), 
but the angle @ was greater (56° instead of 40°). For all these reasons, there- 
fore, these results must be distinguished from those on the standard R.A.F.31 
slotted aerofoil recorded later, but they show some interesting features. Photos 
of the flow are shown in Fig. 1; at 18° (a) shows the flow without the slat 


1 18° a 


(a) (@) 

(f) 
(b) 

(9) 
(c) 

(h) 
(d) 

(7) 


Airflow round wing tip slot. 
Flow photographs (on whirling arm). 
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(normal R.A.F.30) and (b) the effect of adding the slat. To permit of easier 
comparison these have been superposed in (c) which was obtained by printing 
from the two negatives simultaneously. 

The arrows indicate the commencement of the surface of discontinuity, 
inside which reverse flow occurs. (d) shows the flow with the slot exit shut, 
1.€., the trailing edge of slat in contact with the main aerofoil. 

The following table gives the approximate distances from the trailing edge 
of the slot (with slot closed) to the point of breakaway for different gaps. (Main 
chord to in.). 


a Gap Distance of breakaway on main aerofoil 

224° No slat At leading edge Fig. 1 (e) 
0. 3in. Approximately opposite trailing edge of slat (/) 
Oo. 2in. o.6in. beyond _,, £) 
o.11n. 1.gin. ” ” ” (h) 
18° oin. Approximately 1.oin. beyond trailing edge of 


slat ” (d) 


At 22° Fig. 1 (e) to (j) shows the effect of reducing the exit width of the 
slot. A ‘‘ slot vortex’’ which can be seen in (b) as a white mass underneath 
the slat, was present in all the above cases. At 27° with the slot exit closed 
this vortex was very much reduced in size, the approach of the air to the nose 
being quite smooth on both surfaces of the slat; it was inferred that a high lift 
should result, and this was substantiated later in tunnel tests (see §6.1 & Fig. 12). 


3.1 Airflow Observed in Tunnel 


In order to reach higher values of VL, some further smoke observations 
were made in a 4 ft. wind tunnel of the flow round R.A.F.31 slotted. The 
model extended across the tunnel and one end was closed against the tunnel 
window. 

The results were similar to those obtained on the Whirling Arm, except that 
the thin layer of reversed flow was not discernible. Cases were found, however, 
where there was a thick reversed layer and at the same time a greater downwash 
than without the slat, though the effects were generally less obvious than in 
the Whirling Arm experiments. 

Subsequently, it was found possible to obtain flow pictures by means of 
hot wires by which method the external flow pattern could be observed at high 
speeds (see §3.1). Later still, definite evidence was obtained of a reversal just 
behind the slot at normal values of VL (see §7.1). 


4 Velocity Distribution near R.A.F.31 (Slotted) 


To obtain more definite information it was decided to make observations of 
velocity near the surface of this aerofoil, particularly of the airflow through the 
slot. This latter information was required to provide a comparison with results 
already obtained elsewhere (Refs. (2) and (4)) on aerofoils in which air was 
discharged from the inside through a backwardly directed slot in the upper surface 
just behind the nose. For this purpose the velocity distribution along a line 
roughly normal to the slot and just behind it (x=0.02 Fig. 2) was measured with 
a hot wire anemometer. Subsequently most of the upper surface from the front 
of the slat to nearly half-way along the chord was explored, for a distance of 
about 14 in. to 2 in. from the surface (see Fig. 2). No attempt was made to 
measure the distribution in the boundary layer itself, though readings within 
it were frequently obtained, but efforts were made to find the peak velocity just 
outside it, and this peak is looked on as an indication of the conditions inside 
it. (See, however, §9.2). 
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The tests were made in a 4 ft. tunnel at a speed of 4o ft. per second. At this 
speed local velocities were sometimes as high as too ft. per second, so the tunnel 
speed was limited to 40 to avoid difficulties in calibrating the hot wire at high 
speeds. Some tests were also made at 5 ft. per second so as to study the scale 
effect on the slot. The model was that which had been used for the experiments 
of Reference (5). The unslotted chord was to in.; the slat was made of brass 
and the main aerofoil of wood. ‘The aerofoil extended right across the tunnel, 
giving two-dimensional flow, though in some experiments the slat only extended 
from one wall for a distance of 2 ft. 6 in. 


During the course of the tests it was found possible to use the hot wire 
anemometer in a novel way, namely, for rendering the actual streamlines visible. 
The use of hot wires for this purpose is described in Reference (6), and an example 
is illustrated in Fig. 15 (b). In consequence the tests were again extended to 
include an investigation of the flow pattern past the aerofoil at various angles 
of incidence, and in various conditions, as it was thought that such diagrams, 
which could be obtained rapidly and with fair accuracy, would assist in revealing 
the action of the slotted wing. The records obtained by this method were made 
at the same speed (40 ft. per second) as used for velocity measurements, as well 
as at higher and lower speeds in certain cases. 

The position of the slat was that giving a high value of Rymax-3 it is defined 
in Reference (5) and shown in Fig. 2. Originally, the slat extended from one 
wall for 2 ft. 6 in. along the span for experimental reasons. Later, check observa- 
tions were made with the span completely slotted, and in all cases where a difference 
could be detected sufficient observations were taken to enable completely-slotted 
results to be given. The difference was negligible at and below 21° incidence ; 
all the flow diagrams, however, relate to results with 2 ft. 6 in. slat. The hot 
wire instrument and the lines along which velocities were measured are shown 
in Fig. 2. The wire was 0.oo1 in. diameter (platinum) and about 4 in. long; it 
was situated 19} in. from the same wall of the tunnel as that from which the 
slat started, and was, therefore, 114 in. from the free end of the slat in those 
cases when the span was only partially slotted. 

The position of the hot wire is defined by the arc along which it was traversed 
(x= —1.34, etc.) and its shortest distance (n) from the surface of the aerofoil. 

Taking the tangent chord of the slat as axis of x and its trailing edge as 
origin, the numbers on the arcs in Fig. 2 are the values of x, where the arcs cut 
the tangent chord. For negative values of x the distance of the hot wire is given 
from the surface of the slat (n,) ; n, is also used instead of n for x =0.02, 0.07 and 
0.75 with slot closed. 

Results* are given as ratios of local to tunnel velocity ; for the ‘‘ slot open 
condition, diagrams showing q/V plotted against n are shown in Fig. 3 for most 
values of x and all values of a. These are arranged so that the effect of variations 
in a for given x, and in x for given a on the velocity distributions can be readily 
compared. 


” 


Comparisons between the velocity distributions for the cases (1) slot open, 
(2) slat removed, and (3) slot closed are shown in Figs. 4, 5 and 6, for all 
important values of x and a. 

In Fig. 7 the relation is shown between k, slotted, ky’ (the normal force 
on the slat), maximum velocity outside the slat and mean velocity inside the slot 
across the ares =0.02 in. and 7=0.75 in. These are all plotted against a. 

The quantity flowing through the slot and the corresponding mean velocity 
of the jet are given in Table I for several values of a, and two positions along 
the jet, one being the vena contracta. 

* Tables of observations are omitted. They are, however, given in R. & M. 1394, from which 
this Paper is extracted. 
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VELOCITY DISTRIBUTION NEAR RAF 3! 
(SLOTTED) AEROFOIL. 
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VELOCITY DISTRIBUTION NEAR R.AF 3i(6LOTTED)AEROFOIL 
WITH SLOT OPEN. 


(infinite Aspect Ratio) 
Mean velocity oF slot air resolved normal to arc 2=0-02 
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TABLE 1. 


STANDARD R.A.F. 31 (SLOTTED). 
Flow through slot, Q, in cubic feet per minute per foot span at tunnel speed 
V = 40 it. /sec. 
a re) 6 12 18 21 24 27 
Q very small 96 105 110 121 134 140 
Corresponding mean value (q/V) through slot normal to arc x=0.02.* (The 
streamlines were converging at this section; values of gq have been resolved normal 
to the arc for determining Q and q). 
q/V — 1.20 1.38 1.68 1:75 
Corresponding mean value of q/V normal to arc x=0.75. (This is the 
narrowest part of the slot jet at a=18°). 


q/V 1.59 1.92 2.00 - 1.67 
Jet thickness 0.30 O.27, 0.275 0.40 — 
Maximum value of q/V outside slot for x=0.02. 
1.49 1.64 1.76 1.88 1.92 
Maximum value of q/V outside Slot jet for x=0.75. 
1.58 177 1.86 1.67 


Force on Slat normal to its own chord, ky’. (Derived from Fig. 12 of 
N.A.C.A. Tech. Note 308—effective aspect ratio uncertain). 
a —I4 —8 —2 + 4 10 r3 16 22 28 34 
ky! —0O.115  —0.105 0.095 —0.030 +0.055 0.16 0.31 0.30 0.374 0.29 


* Note: This arc was 0.40 in. long across the slot, whilst the shortest distance between trailing 
edge of slat and surface of main aerofoil was 0.36 in. 


5 Flow Pattern Round Slotted Aerofoil 

The streamlines round R.A.F. 31 slotted, obtained with hot wires, are shown 
in Figs. 8 to 11 for values of a of 6°, 12°, 18° and 24°, and for the three conditions 
(1) slot open, (2) slat removed and (3) slot closed; also for a=o, slot open, in 
Fig 8. The hot wires used for producing the bands of hot air were situated in 
the same position along the span as the hot wire used for measuring local velocities 
(Fig. 2). 

An arc lamp was allowed to shine along the span, through a window in the 
tunnel wall, and the shadows of the hot air, falling on a screen outside the tunnel, 
were traced by hand. These flow pictures seemed to show that the main aerofoil 
(with slat removed) should have a considerably higher lift than the normal R.A.F. 
31, and so contribute to the high k, obtained by slotting. 

A few force measurements were made to test this in a 7 ft. tunnel, and at 
the same time the smoke experiments on the Whirling Arm were repeated and 
extended. 


6 Forces on Main Aerofoil of R.A.F.31 Slotted (i.e., with Slat Removed) 
in a 7ft. Wind Tunnel 


Lift and drag were measured at 4o and 60 ft. per second on R.A.F. 31 
slotted with slat removed for use in comparing the flow pattern at the stall shown 
in Figs. 9 and 10. The aerofoil was of 1o in. chord and 60 in. span. They 
are not really satisfactory for this purpose, however, since the diagrams are for 
infinite aspect ratio, whilst the forces are for aspect ratio 6, in which the stall 
occurs at different angles for different points along the span. On this account 
it is presumably not possible to measure maximum lift for two dimensions on a 
model of finite aspect ratio, since the progressive stalling tends to flatten out the 
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RAF. 31. WITH SLOT OPEN. 
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FLOW ROUND RAF 3i(SLOTTED)OBTAINED 
WITH HOT WIRES 
v=40Fps. & =0°(INF Asp. Ratio) 
(v=5F.ps.dotted, 
Slot vortex visibic 


Slot opcn 


=6°(INF Asp. Ratio) v=40Fp.s. 


(Q)Slot open 


> (b)Slat removed 
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FLOW round R.A.F.3I SLOTTED) ostaineo HOT WIRES, 
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FLOW ROUND (SLOTTED) 
OBTAINED WITH HOT WIRES. 
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(b) Slat removed. 
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peak value of k,, whilst in the former case all sections give their maximum 
k, simultaneously. This probably explains why a comparison between the k,, 
curves of this section, (Fig. 12) and the normal R.A.F. 31 shows a difference of 
only 3 or 4 degrees in the angle of maximum lift, together with only a slight 
increase in Rymax, Whilst a comparison of the corresponding flow pictures in 
two-dimensions (Figs. 9 and 10) suggests that the differences should be more 
marked. 


6.1 Forces on Normal R.A.F.31 with Slat added, but Slot Exit Closed 
(Entrance “‘Open’’) 


Maximum lift was measured on this section because the smoke observations 
on the Whirling Arm (Fig. 1—d and j—) suggested that a high k, should be 
obtained. The results, at 4o ft. per second, are given in Fig. 12, and show that 
this is the case k,max=0-69; it is no doubt due to the large increase in camber of 
the resulting composite aerofoil on its upper surface. It will be seen that the 
lift curve has a flat top. Some sign of this is present with the R.A.F. 31 (slotted) 
with slat removed, and seems to accompany a concentration of upper surface 
camber towards the nose. 


7 Extension of Whirling Arm Smoke Experiments in 7ft. Tunnel 


The results obtained with smoke on a tip slot on the Whirling Arm were 
repeated on a completely slotted aerofoil of aspect ratio 6 in a wind tunnel (10 in. 
chord, 60 in. span). 

At V=15, a=153°, there was reversed flow nearly up to the leading edge of 
the main aerofoil as found on the Whirling Arm. At the same time the external 
flow appeared to be well unstalled, and a force measurement on the balance gave 
k,=0.615 for this condition. 

At 30° the aerofoil was stalled up to V=4o, but at 22° it was apparently 
unstalled. Force measurements at this angle showed a large scale effect (see 
Table II (c) and Fig. 12), so large, in fact, as to render the experiment useless, 
as max.k, was probably unattainable. 

Now, in this case, the main aerofoil (normal R.A.F. 31) had only a moderate 
camber, but a well-rounded nose. Any slight movement, therefore, of the point 
of breakaway, which was just behind the leading edge, would involve a con- 
siderable change of direction of the surface of discontinuity springing from the 
upper surface, so that scale effect might be expected to exert an appreciable 
influence on this direction, and consequently on downwash and lift. In addition 
the angle @ was very large (52°) so that the main aerofoil would be badly stalled 
before the slat exerted much control. 

Led by these ideas, the position of the slat was altered so that the slot width 
remained the same, whilst @ was reduced to 44° and the nose of the slat raised 
considerably. Roughly speaking, the new position, given in Table II (d) and 
Fig. 13 (a), was obtained by sliding the slat backwards along its own (curved) 
centre line. This carried the trailing edge beyond the rounded nose of the main 
aerofoil to a point where the upper surface was changing its curvature less rapidly. 

Force tests made on this combination showed that not only was ky max higher— 
it was, in fact, the same as that of the standard R.A.F. 31 slotted, and occurred 
at the same angle of incidence, whilst the drag near the stall was lower, (Ref. 
(5) )—but the scale effect at 22° had shrunk to quite normal proportions (Fig. 12). 

Smoke tests were then made as before, and whilst the surface flow was more 
smooth than had been found on the Whirling Arm, there appeared to be a slight 
tendency to instability about one slat-chord length behind the slat. By placing 
a spot of T,Cl, liquid at this point, a tendency was observed for the smoke to 
move slightly upstream, but no sign of this was visible at points either in front 
or behind. 
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TABLE II. 
Lift and Drag Coefficients of variants of R.A.F. 31 (Slotted) Aerofoil. 
(Aspect ratio=6; corrected for tunnel wall effect). 
V =40 ft./sec. except where otherwise stated. 
(a) Main aerofoil of R.A.F. 31 (slotted), but with slat removed. 


a —6 0.3 6.9 10 12,% 
ky 0.022 0.251 0.463 0.553 0.578 
Ry 0.00826 0.0138 0.0337 0.0475 0.0558 
- a 13.1 13.1 14.1 16.0 16.0 
ky 0.595 0.593 0.59! 0.528 0.526 
ky 0.0636 0.005 0.0731 0.1169 0.1164 
a 19 19 22 25 14.5 16.5 
k, 0.548 0.554 0.498 0.453 V=60 ft./sec. | 0.592 0.586 
k {0.1446 0.138 0. 1886 0.239 | 0.0839 0.1085 
(o.141 


(b) Slat added to normal R.A.F. 31 with its trailing edge touching upper 
surface of latter. (See Fig. 1 (d) or (j)). 
a 0.3 6.8 & 16.3 19.3 22.3 2 
ky 0.251 0.482 0.656 0.652 0.687 0.688 


». 593 
(c) Slat added to normal R.A.F. 31 as follows : 

@=52°=angle between chord lines of main aerofoil and slat. 

Trailing edge of slat 0.1 in. in front of nose (parallel to main chord). 
Nose of slat 0.03 in. below main chord. 

Width of slot exit=o.24 in. 


a 6.9 13.1 18.8 19.0 23.0 23:4 23.2 23-5 2752 
k, 0.442 0.596 0.660 0.690 0.544 0.630 0.761 0.797 0.597 
V 40 40 20 40 20 30 40 50 40 


(d) Slat added to normal R.A.F. 31 as follows. (See Fig. 13 (a) ). 
o=44- 

Trailing edge of slat 0.03 in. in front of nose (parallel to main chord). 
Nose of slat 0.25 in. above main chord. 


Width of slot exit =o.25 in. 


a 19.5 22.6 25.5 25.7 23.2 23-6 23.8 24.0 
ky 0.829 0.885 0.837 0.850 0.825 0.875, 0.888 0.905 
Ry 0.1104 0.1375 0.195 0.195 0.142 0.145 0.144 
| 40 40 4o 50 15 30 30 50 


This effect appeared to persist up to 4o ft. per second, though observations 
with smoke at this speed were very difficult and uncertain. 

7.1. To settle the point, at a reasonable speed, recourse was had to a method 
described in Ref. (1) in which H,S was allowed to emerge from the surface of the 
aerofoil through a small hole. The surface around the hole was painted with 
white lead, and where the H.S passed over the white lead it left a blackened 
record. These tests left no doubt as to the existence of a small standing vortex 
in this neighbourhood. Several holes were tested as shown in Fig. 13 (b) and 
specified in the following table: 


Hole No. I 
Distance (inches) of hole 
from L.E. of main aero- 
foil parallel to chord. 0.54 0.80 1.00 1.23 1.62 4.75 7.00 


6 
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FLOW ROUND RAF 3I (SLOTTED) OBTAINED with HOT WIRES 


a= 24° (Asp. ratio approx. infinite ) 


v= 40 ft/sec. 


(a) Slot oper. 


(b) Slat removed. 


(c) Slot closed. 
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VARIANTS oF (SLOTTED) AEROFOIL. 


Lift and drag coefficients. (Aspect ratio 6) 
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_ The holes were situated approximately on a line running obliquely from a 
point on the leading edge 194 in. from the wing tip to a point on the trailing edge 
163 in. from the tip, this being very roughly the direction of flow over the 
surface. 

At 22° incidence (k,=0.go) holes Nos. 1, 3 and 5 were tested. Of these, 
Nos. 1 and 5 showed direct flow with no trace of reversal, whilst No. 3 showed 
reversal on all occasions extending upstream for 0.15 in. to 0.25 in. and at speeds 
of 15, 25, and 4o ft. per second. 


The general appearance of the blackened areas is shown in Fig. 13 (b). 


Unxstorrep 31 wirn Star Appep. 


Slat section is that of standard R.A.F. 31 (slotted) section. 
0-03 


Tip of Aerofoil 


| 


Positions of holes and sketch of stains produced on white-leaded 


ppe r 
surface by HS emitted through holes. Incidence 


> 


> 


13. 


Repeat tests were made with extra holes, as above, and, in addition, precau- 
tions were taken to ensure that no 17,8 was present, except whilst running steadily 
at qo ft. per second. This was necessary to prevent momentary stalling whilst 
starting or stopping the tunnel. 

In all cases a narrow region of reversed Now was found extending for about 
gin. to 4 in. parallel to the chord. Hole No. 3 always showed reversal, whilst 
hole No. 2 did so on one occasion, but, with this exception, holes Nos. 1, 2, 4, 
5 and 6 showed no sign of reversal whatever, and even No. 7 showed but a very 
slight amount, though the direct flow round this hole was wide and only about 
Sin. long. 
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Near hole No. 3 there was usually a lateral extension of the blackened area, 
chiefly towards the tip, whilst downstream from the hole there was the usual 
black band, since the fluid in the vortex was being continually renewed. 


It should be emphasised that these results were obtained on an acrofoil which 
was giving a good k, (0.90) at a reasonable 1 1.(33), which are the only conditions 
of importance in the present connection. However, holes Nos. 1, 3 and 5 were 
repeated at 22° on the standard R.A.F. 31 slotted, already used for velocity 
distribution experiments, with the same result; in addition, angles of incidence of 
18° and 15” were tested. Identical results were obtained at 18°; at 15°, however, 
no trace of reversal was observed at any of the three holes. 


8 Wind Pressures on Flat Roofs. Effect of Sharpness of Parapet 

Some tests have recently (April, 1930) been carried out for the Air Ministry, 
by whose px rmission they are referred to here, on the wind pressure distribution 
over the roof of an aeroplane shed in which the slope of the roof was only 3 
The roof pressures existing when the parapet of the windward wall was sharp 
(i.e., when wall and roof met at an angle of 93°) were found to be considerable, 
and negative relative to the static pressure, over the whole roof. Efforts were 
made to reduce this suction by modifying the shape of the parapet. Two methods 
were tried to effect this, both successful to a great extent. 


In the first method an acrofoil of cambered plate section was placed along 
and above the sharp parapet with a clearance between, Fig. 15, on the lines 
of a ring (Ref. (3)). This produced a profound change in the suction over the 
whole roof, but cspecially over the windward half where the highest suctions 
were originally found. 

On account of the impracticability of the above method, a second attempt 
was made by putting a radius on the parapet. Eventually, a result was obtained 
thus, which was nearly as good as with the acrofoil. 

Those results which are of interest here are given in Fig. 14, which shows 
sketches of the shed and curves of pressure distribution over the roof. 


The original shed is shown at 4; B shows the position of the acrofoil while 
C shows a radius added to the parapet. (In the latter case there was a low 
annexe running along the wall, but this had no marked effect on the roof pressure ; 
had it been removed, the curve © would have been slightly nearer the curve «1 
than shown, 7.¢., slightly less favourable). 


ig. 15(a) shows a photo of the flow past the parapet on a small model in 
a 3 in. water channel, the flow being made visible with ink. Two exposures 
were made on the one plate, one of the normal shed and one with the acrofoil 
attached ; the change in the flow due to the acrofoil is clearly shown. In Fig. 15(c) 
the flow round the wind tunnel model is shown as obtained by the hot wire 
method. Similar experiments with smoke on this model show that with the areo- 
foil present there is still a region of reversed flow, but that it only extends 
from the parapet to a point about | of the distance to the apex, after which, 
the flow, though very turbulent, appears to be direct. This is shown in the 
figure and is similar to, though of course very much more marked than, the 
standing vortex found behind a slot (see §7.1). , 


8.1 Flow Round a Flat Disc 


Fig. 15(b) and (d) shows the flow past a 5 in. flat dise with and without 
a ring round it, obtained with hot wires. In Fig. 15(c) and (d) the flow patterns 
are superposed ; the case of the disc represents a still more exaggerated example 
of the deflecting action of the aerofoil. The drag of this combination of disc and 
ring is given in Ref. (6), 
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Part Il. 


‘THE RELATION BETWEEN SLots, RINGS AND BOUNDARY LAYER CONTROL 
BY BLOWING 


The results of Part [. will be discussed here, not in the order in which 
they were made and deseribed, but in their most appropriate places relative 
to the other evidence extracted from the References, 


9 Results of Tests with TiCl, and H.S 


In the photos obtained on the Whirling Arm with titanium tetra-chloride 
(ig. 1) two features are specially important for present purposes: (1) the in- 
crease in downwash due to the slat, see (a) to (c), which is regarded as proof 
that the lift was increased, and (2) the reversal in the direction of the flow close 
to the surface, which was present right up to the point indicated by the arrows, 
the belt of dead air being extremely thin. 

That these two effects existed together suggested that increased lift occurred 
notwithstanding that the flow conditions at the surface remained reversed almost 
up to the nose. If this effeet were found to be general it would have an im- 
portant bearing on the manner in which the presence of the slat delays the stall, 
so that further investigation was thought to be worth while. Tlowever, efforts 
to repeat these smoke results under more normal conditions in a wind tunnel 
on a to in. chord standard R.A... 31 slotted acrofoil were not very successful, 
although the effects were certainly present in some degree, as shown by the 


following facts. Thus at a=20° (infinite aspect ratio) the aerofoil was stalled 
at VL=2.5 and unstalled at VL=7.5. At the latter VL it was stalled with slot 
closed and also with slat removed. In spite of this, the downwash in the external 
flow when slotted, although stalled, was greater than unslotted, being intermediate 
between the unslotted case and the slotted, but unstalled case. In other words, 


though both acrofoils were stalled, the unslotted aerofoil was stalled more com- 
pletely than the other. 

g.t. In ig. i(e) to (7) the effect of reducing the slat angle @ is shown. 
This, of course, simultaneously reduces the slot width sinee the slat pivot is 
near its leading edge, but from considerations discussed Jater ($12.1) 1t seems 
unlikely that this width ts in itself an important variable. Indeed Tig. 1 (d) and 
(j) show that when the gap is reduced to nothing, the flow still adheres to the 
upper surface much as before. In this case, the combined acrofoil has a greatly 
increased camber, while at this ineidence the under-surface is not sufficiently 
irregular to upset the flow above the aerofoil. The high lift suggested by this 
last picture was verified later in foree measurements made in the tunnel ($6.1). 

9.2. Turning now to the results of $7, for the standard R.A.F.3r slotted 
under normal tunnel conditions, it was found that the flow reversals shown in 
the Whirling Arm tests were still present, though very much reduced in extent. 
They were, however, just discernible with smoke at 20 ft. per second, and it 
was by this means that the small region of suspected reversal was first located. 
\ few holes for the emission of I/T,S were then inserted at this point and it was 
confirmed that reversal actually occurred under normal conditions (t.e., b= 4o, 
22, k, 
cient to account for the failure to detect it in the hot-wire velocity exploration 


($4) 


a > 0.90). The small extent of this standing vortex. was probably suffi- 


It should be said in passing, that this reversion to direct flow behind the 
standing vortex was not suspected in the Whirling Arm tests and so was not 


looked for since the breakaway was assumed to be complete. 
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9.3 Full-Scale Evidence 

In Ref. (7) some experiments are deseribed on Bristol Fighter the 
stall with wool-tufts attached to the upper surface of one wing to show. the 
low behind a tip slot. In one experiment, on the upper wing, it was found that 
the tufts nearest the slot, about 6 in. behind it, were in constant agitation, in- 
dicating a high degree of turbulence whilst those further to the rear remained 
fairly steady and could not be made to vibrate erratically by mancaeuvring the 
machine. Further details of these tests have been kindly supplied by the author 
of the report in question, from which there seems little doubt that a standing 


vortex of the above kind was present in these full-scale tests, 


94 An Analogous Case 


In the shed tests of $8, a similar phenomenon to the above was observed. 


Ss reversed for a cone 


With a harp cornered parapet, the flow over the root) wa 
siderable distance downstream, the dead air region being relatively thick compared 


with that which occurred with a radiused parapet. In the Jatter case also, the 
flow was reversed at least as far as the middle of the roof. With a sharp 
corner having an aerofoil above it, however, the flow, though still reversed 
immediately behind the corner 15 (c) ), became direct about 1.4 in. behind 
it, as was shown by the fact that smoke placed in rear of this point never 
drifted up-stream, ‘There was a standing vortex between this point and the sharp 


corner similar in kind to, though much greater in extent than, that with R.A. .31 
slotted. This appears to be a clear case of air being thrown back on to. the 


surface inspite of a locally reversed boundary layer. 


10 Flow Pattern Exterior to the Boundary Layer 


The streamlines round R.A. .3r) slotted for various angles of incidence are 


drawn in Figs. & to rt. They are hot wire shadowgraphs produced as described 
in Ref. (6), and were made on a to in, chord aerofoil in a og ft. tunnel. The 
main acrofoil extended right across the tunnel, whilst the slat extended for 30 
inches from one wall. It is only at 24° with slot) open, however, that the 


pictures are likely to deviate from infinite aspect ratio conditions on account of 
the finite slat (see $4). 

In cach figure, the flow pattern is shown for three conditions (a) slot open, 
(b) slat removed, (c) slot closed; a comparison of these, especially the first two, 
shows the influence which the slat exerts on the air approaching the main 
acrofoil, At low angles a large vortex is present underneath the slat) which, 
though it does not appear to disturb the flow pattern round the main  aerofoil, 
produces a large amount of turbulence. 

At a—12° the main aerofoil is still unstalled (lig. g (b)), and the slat, which 
has a much diminished vortex beneath tt, produces no noticeable effect on the 
flow pattern round it. 

The normal section (Fig. 9 (c)) has just stalled and the flow is very unsteady. 
Double readings of velocity were observed here. In this figure the dotted lines 
show the unstalling effect produced by allowing air to be sucked into the tunnel 
through a horizontal slit (about ro in. by 14 in.) in the wall, nearly one chord 
above the aerofoil, an effect noticed under all similar conditions, and analogous 
to the delay in the stall of a finite aerofoil as the wing tips are approached, due 
to feeding in air above the aerofoil, 

Figs. o(b) and 10(a) (dotted lines) showing stalling at low speed (V=s). 
The marked reduction in upwash and downwash ts shown. In the case of Fig. 
1o(a) the vortex under the slat is present when stalled, but disappears when the 
slat is working properly (V = 4o), (see, however, Fig. 1(b), where on the Whirling 
Arm, the slot vortex did not seem to impair the downwash scriously). 
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hig. 11 shows the flow at 24°. For V=5 (ig. (a) ) the flow, which is not 


shown, differed less trom that for V = go than it did at a=18°; as mentioned 
above, this case may be modified by the finite extent of the slat which seems to 
make it more effective, at least locally. (See Fig. 3 for a=24°. a= 27°). 


Il Flow through Handley Page Slot compared with Forced Flow 
Experiments 
The quantity of air which it is necessary to discharge into the boundary layer 
through slots in the upper surface of an aerofoil to improve the maximum lift 
has been the subject of numerous experiments, such as those of Refs. (1), (2) and 
(4). Experiments to obtain comparative data for the standard R.A.I*. 31 slotted, 
have been described in $4. From them the following results are derived. 


I1.1) Quantity Flowing through Slot of R.A.F.31 Slotted 


This has been calculated from the velocity observations along the arc 


v=0.02 In, (ig. 3). This are is almost a straight line across the back of the 
slot, and the velocities have been resolved normally to it. The following table 


gives the flow through the slot O, in cubic feet per minute per foot of span at go ft. 
per second, as a function of incidence «a: 


O gO 105 110 121 134 140 
he 0.54 0.83 0.91 0.88 0.83 0.79 


Infinite aspect ratio; ke is taken from Ref. (5) and converted to this aspect ratio. 


Owing to the shape of the slot it 1s not possible to select a plane across 
which the average velocity through it has a very precise meaning. The jet 
issuing from the slot reaches its greatest speed some distance behind the slot, 
at M=0.60 in. or 0.75 In. where, at a=18° the angle of maximum k,, it attains 
a maximum value a little greater than twice the tunnel speed (ig. 5). The 
boundary of the jet behind the slat has been estimated from this figure by taking 
QO=110 from the above table and finding by trial the width of the jet and _ its 
corresponding average velocity which give this value of O. This gives a width 
of 0.275 in. for the vena contracta, and a value of q/V of exactly 2 which is 
the maximum averaye velocity which the air passing through the slot ever attains 
at any angle of incidence and any position along the chord, and it occurs at, or 
very near, the angle of maximum k,. 

To compare this with the results of Ref. (2), it would be necessary to extra- 
polate the curves of Fig. 7 of that report to greater widths; but with the widest 
slot there tested (and that is less than 1/s5th of the width of the R.A.F. 31 slot 
at its smallest) a value of q/V=2 only produces a k,y,, Of 0.72, whilst the 
narrower slots require very much greater velocities. ‘The lower maximum lift 
obtained in the experiments of Ref. (2) compared with the slotted R.A.F. 31 may 
be in part due to the lower camber on the unslotted section. (See §§ 11.2 
and 11.3). 

In the same report the effect of blowing is also compared on a basis of 
quantity flowing through slot. (Fig. 6 of Ref. (2)). It is rather curious that, 
although the curves for the three sizes of slot are all much closer together on 
this basis, which led to the suggestion that the quantity flowing is the most im- 
portant factor, the widest is the least effective, and it may be surmised that if the 
slots were made wider still the effect would get more pronounced. By the time a 
width equivalent to that of the standard R.A.F. 31 slotted is reached, the quantity 
QO ceases to have much meaning, since the air speed near the outer boundary of 
the jet has fallen to, or below, the value outside the jet altogether (see Fig. 4), 
so that further increase of width simply includes in the value of Q air which 
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would flow with at least an cqual velocity if it were left outside it. Thus, at 
a=18 |’=4o ft. per second the value of Q for 1 ft. span of R.A.F. 31 slotted 
(10 in. chord) is 110 cubic ft. per minute, whilst the corresponding figure for the 
widest slot of Ref. (2) for kyy,,=0.8 is about 35 cubic ft. per minute, corres- 
ponding to about 200 if slot was made the same width as R.A.1*. 31 slotted. 

Turning now to the results in Fig. 3 of Ref. (4) and confining attention to 
a slot situated 13 per cent. chord behind the leading edge, we find that for a 1o in. 
chord a slot width of 0.033 in. has twice the effect on Ry jj4. aS One Of 0.017 in., 
but doubling the width again to 0.067 in. makes only a relatively small further 
increase*., This width is slightly greater than the largest of Ref. (2), and the 
unslotted aerofoil section also has a higher Ryyax to start with. 

Insufficient data are given in this Ref. (4) to find the quantity flowing for 
this position of the slot, but when it is situated at 54 per cent. chord from the 
leading edge (which is much further back than the effect of the Handley Page slot 
was measured) the flow, reduced to the same scale and speed as above, is 37.3 
cubic feet per minute, whilst the mean corresponding velocity is 188 ft. /see. or 
q/V=4.7. Even this probably underestimates the flow at 13 per cent. chord, 
since the pressure inside the wing was maintained at 12(4pl*) for all positions 
of slot, whilst the exit suction at the slot must have been considerably greater 
at 13 per cent. than at 54 per cent. Unfortunately, the pressure distribution 
diagrams are not given. One great difference between this case and that of the 
Handley Page slot is at once apparent; in the latter case the positive pressure 
at the entrance to the slot can never exceed $pV*, whilst the suction at the 
exit must be of the same order in the two cases. 


11.2. An interesting point is that the improvement in k,,,,, Increases as the 
slot is moved back along the chord, up to about half-way, at constant internal 
pressure. Since it is certain that the suction simultaneously decreases due to 


the pressure distribution round the aerofoil it 1s inferred that if the quantity 
flowing were kept constant instead of the pressure, the improvement would be 
greater, 

Now in the evolution of the Handley Page slot the tendency has been to 
push the slot nearer and nearer the leading edge, and having got there to widen 
its exit, until the front part of the original slotted wing has become an independent 
acrofoil whilst the rear part has regained something of its original shape but 
with its camber increased which would of itself tend to give it a higher Ry max 
than before if the slat were removed. This development is shown by a study 
of Ref. (8) where sketches are given of the slot in various stages of its history. 
Some of these are reproduced, in chronological order, in ig. 16 (4). In general, 
all the slots giving a high k, (>o.9) have high camber on the main aerofoil, and 
the very high lifts occur with relatively large chord slats. One or two of the 
tests show that lowering the slat improves lift and it is fairly certain that several 
other cases would have been improved by a similar change. It is equivalent, 
at high angles, to pushing the slat upstream where it has a greater chance of 
control. 

Another noticeable feature of the blowing results, is, that whilst blowing 
increases the value of k, right down to zero lift, the Handley Page slot shows a 
reduction in lift for all values below the unslotted maximum, 7.e., about a=6° or 
7°. At this angle there is considerable flow through the slot (see Figs. 3 and 8 
(a)) mainly near the surface of the main aerofoil, the gradient across the slot 
being very steep. ‘This angle is just where the slotting is becoming effective, and 
Fig. 7 shows that at the same angle the normal force on the slat is just about 
zero, whilst the flow through the slot is just about to fall to a low value. At 
the same time, Figs. 8 (b) and 9 (b) show that, with the slat removed, the 
main aerofoil is definitely unstalled, presumably on account of the increase in 


Note: There is more difference for positions of the slot further aft. 
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camber above referred to, hence the flow through the slot at 6° near the surface 
is referable to the flow appropriate to the main aerofoil; whilst the slotting is not 
having any marked effect at this angle on the external flow pattern. The increased 
speed near the surface is shown still better by the velocity distribution in Fig. 5 
for (x=0.75 in.) a=6° with slat removed. 

The foregoing considerations suggest that the characteristics of the slotted 
wing depend on the association of the slat with the main aerofoil in such a way 
that the resulting field of Mow in which the slat is situated produces a high normal 
force on the slat itself. The downwash from the slat, which constitutes its reaction 
on the airflow, assists the air round the nose of the main aerofoil, which would 
otherwise be too abrupt to permit a smooth passage. This is well shown by 
drawing a tangent to the flow direction at a point near that occupied by the 
trailing edge of the slat in the flow diagrams of Fig. 10 (a) and (c). The angles 
which these tangents make with the chord line are approximately 169° slotted and 
42° unslotted. Thus the slat changes the direction of the approaching air by 
about 20°, and so enables the flow over the main acrofoil to remain streamline to 
higher angles of incidence. 

The correlation between the normal force on the slat and the effectiveness of 
the slotted aerofoil is referred to later ($13). 

That this steering action of the slat ts not always suflicient to obviate reversal 
of the surface flow near the ** shoulder ’’ of the main aerofoil is shown by the 
existence of a stationary vortex at this point ($9.2). Immediately behind this 
vortex the flow near the surface is again direct and persists so up to about 70% 
or 80% of the chord ; it is as though the flow, having left the surface, is immediately 
pushed back again by the external airstream. 

11.3. Another point of difference between the two kinds of slot is that the 
Handley Page slot extends the angular range over which lift is obtainable (Ref. 
(9)), whilst the experiments of Ref. (4) increase the value of ky ya, without 
changing to any appreciable extent the incidence at which it occurs, and the tests 
in Ref. (2) show a somewhat similar effect, though it is not so pronounced. This 
suggests that the slat helps to guide the air round the nose of the main acrofoil 
as the angle is increased in a more positive manner than does a forced jet, whose 
action is indirect, particularly when it is situated some distance behind the nose. 

The well-known fact that the upper wing of a biplane enables the lower wing 
to reach a higher incidence and lift before it stalls (see Fig. 12 of Ref. (19)), 
particularly when there is a large forward stagger, is perhaps an illustration of 
slat action. 

Some further results with forced flow are given in Ref. (1), but the slot is 
too far back (30% chord) for comparison in the present connection. Attention 
is there drawn, however, to the importance of directing the jet accurately along 
the surface of the aerofoil, and this is presumably important in all such cases. 


12.1 Slot Shape 

In Ref. (9g) attention is drawn to the importance of having a certain shape 
and area of slot. In Figs. 4 and 5 of that Paper, two different types of slat are 
compared, one giving the original form of slot and one having a slat of cambered 
plate section, which gave quite a different shape to the slot. The latter is, never- 
theless, considered equal to, or better than, the original. 

Again, with aerofoil No. 55 of Ref. (8) (basic section R.A.F. 15) raising 
the nose, at constant exit width, although making the slot: more convergent, 
reduces ky... suggesting that slat attitude is more important than slat shape. 

Fig. 16 (b), which was obtained by Mr. Irving some time ago, shows the 
effect of slat position on maximum k, of R.A.F. 31 slotted. Corresponding points 
on the contours show positions of leading and trailing edges of the slat for constant 
Remax: Fig. 16 (c) derived from it, shows how widely the slot shape and size 
may be varied whilst maintaining a k,,,,. of 0.86, 6% less than the optimum. 
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The different positions produce widely different slots, but the slat maintains an 
attitude relative to the local airflow which is consistent with its aerofoil character. 
(See Fig. 11.) Thus it would seem that the shape and size of the slot are only 
important in so far as they determine that the slat is working under favourable 


conditions as an aerofoil. It is probably only in this restricted sense that the 
slot shape is important. 

12.2. That the ‘‘ slot’? shape in a Ring-Engine-Body combination is not 
important can be seen from Fig. 15 of Ref. (3). A ring of thick symmetrical 


section gives a good shape to the ‘* slot,’’ but is a comparatively poor ring, whilst 
a ring of cambered plate section makes a poor slot shape but is a very good 
ring. Moreover, measurements of air speed through the slot showed that the 
velocity through the good slot was considerably higher than that through the 
slot with the cambered plate ring. (Table g of Ref. (3).) Again, reducing 
the angle of the symmetrical ring section by 2 or 3 degrees, although making the 
slot slightly more convergent, stalled the section and made the overall drag greater 


instead of smaller than that of body with no ring. Similar results on these same 
rings were obtained at the R.A... where it was found that in the stalled case 
the speeds through the slot was higher still. The following table 1s extracted 
from their report: 
Ring Slot speed Effect of 
Ring Section. Angle. Forward Speed. Ring op Drag. 
Thick symmetrical | 1.35 (stalled) Increased, 
1.25 (unstalled) Reduced. 
Cambered Plate 6 1.09 - 


The unimportance of slot shape, and the great importance that the ring 


section should develop a radially directed ‘* lift’ are clearly shown. 

12.3. The fact that medium and thick sections give their Rymax at high 
incidences (Ref. 10) is probably due to the easier cornering conditions near the 
nose. That the gain due to slotting is smaller may be because they have a higher 


lift to start with as a rule. 

The contours of Fig. 16 (b) show that moving the slat forward requires that 
@ should be reduced, while moving it downward requires it to be increased. Taken 
in conjunction with the streamlines of Figs. 10 and 11, this shows an evident 
relation between @ and the local airflow, suggesting that the slat should always 
work somewhere near a fixed incidence relative to the local air stream. ; 


12.4 Chord Length of Slat 

In Fig. 22 of Ref. (10) results are given for R.A.F. 28 (slotted) with two 
lengths of slat chord, one of 1/6th that of the main plane and one of 1/8th of 
main plane. The position of the trailing edge of the slat was the same in each 
case, but the longer slat dipped lower at its leading edge than the shorter. The 
slot shape was virtually unaltered by the change. The larger slat gave an appre- 
ciably higher maximum lift, probably owing to its greater grip on the inflowing 
airstream. 


13 Force on Slat 


In Fig. 12 of Ref. (11) the results of force measurements on the slat of 
R.A.F. 31 (slotted) are given.* These are plotted in Fig. 7 as normal force 
coefficients ky’ on the slat against incidence of the whole aerofoil. The aspect 
ratio of these tests may be a little doubtful, as the section extended right across the 
stream of an open jet tunnel; they are taken as infinite aspect ratio, though it is 
certain that flow parallel to the span must occur near the jet boundaries. 


* These tests were made at full-scale Reynolds Number. 
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The figure shows that R.A.F. 31 stalls just before the angle (about 6°) at 
which the slat develops a positive ky’. ky’ then increases steadily up to 18 
where the slat and the slotted aerofoil stall together. 


In Ref. (10) similar data are given for the forces on a model of R.A.F. 28 
slotted, and these show a similar correspondence between maximum normal force 
on the slat and maximum total lift. 

The forces on a cambered plate slat given in Ref. (12) show the same 
tendency, though in this case the slat has not actually stalled at 24°, the angle of 
maximum k,. 


14 Pilot Planes 


In Ref. (13) tests on R.A.F. 30 with 124% pilot plane are reported. As 
with R.A. 31 the value of @ for maximum k, is again about 40°. The pilot 
plane acts as a weathereock until it reaches a stop which holds it at @= 40°. This 
occurs at an incidence of about 9°; up to this angle, therefore, the force acting 
on the slat must be either zero or very small. R.A... 30 begins to stall about 
11°, so here again there is an indication of the correlation between the development 
of ky’ and the increase in k, at the incidence where the slat becomes cflective. 
At high incidences the large forces measured on the stop which sets the upper 
limit to @ shows the existence of a deflection being produced in the air flowing 
over the top of the main aerofoil. 

In Ref. (14) pilot planes of 74, 10, and 12} per cent. chord on R.A.F. 15 
are reported. It appears that k,,,,, Increases as the slat chord increases, and 
that simultancously the nose of the slat dips further and @ gets less, all of which . 
seem to be consistent with its behaviour as an aerofoil working in’ the local 
velocity field. The values of (a—@) are 18°, 14° and 12° (where « is angle 
of maximum lift), that is, the angle of incidence of the slat relative to the local 
airstream gets higher as its chord is increased, which accords with its greater 
power to modify the local direction of the air, which is largely governed by its 
deflecting power. 

ven if this is due in part to scale effect on the slat, which was considerable 
in these tests, the fact remains that an increase in normal force on the slat, 
however arising, is accompanied by an improved ky yas: 

The following table contains a comparison between R.A.F. 31 slotted and 
some results for pilot planes, chiefly extracted from Ref. (15). 


Angle from 


(1) R.A.F. 31 (slotted) 13% slat, Ref. (6) O.91 30° 40° 10° 
(2) 3 » 15% pilot plane Gétt. 433 ... 0.94 28 39h 114 
(3) R.A... 36. 15% 0.94 304 40 


There is considerable difference in the shape of the slot between (1) and (3), 
but close correspondence in other respects. 

The effect of slat chord on maximum lift is well shown in (3), (4) and (5). 
It will be seen that the incidence is virtually the same in all three cases, but that 
the smaller chords have a greater @°, t.e., cannot be set to exert so much control 
on the airflow. 

Ref. (16) contains results for R.A.F. 15 with two pilot planes; these also 
seem to be most easily interpreted, by reference to the deflection of the stream 
by the pilot planes. It is evidently possible to obtain a greater deflection in the 
airstream (i.e., downwash) by employing several partial deflections than by 
attempting it in one stage. In other words, the mutual effect of a cascade of 
aerofoils is to reduce each other’s incidence so that they are all unstalled. The 


| 
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steady increase in the value and incidence of kya, Which accompanies this pro- 
gressive increase of pilot plane control is very noticeable. 

The difference between the pilot plane and the wing with fixed slat is 
that the decrease in lift when the pilot plane is floating is not so serious as for 
the R.A.F. 31, with slot fixed open. In the latter case the slat is working 
negatively, 7.c., helping to deflect the air away from the main acrofoil (sce Fig. 7 
of this report), whilst a floating pilot: plane cannot produce any appreciable 
deflection in the air stream. 

This effect is similar to that observed with auto-slots on the R.A.T. 30 series 
of aerofoils, where it was found that at incidences below the unslotted stall it 
was necessary, in order not to spoil the lift, to keep the slot exit small compared 
with the entrance. The effect was increasingly marked as the incidence was 
reduced (see Refs. 16 and 17), and was probably connected with preventing k’y 
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15 Results of Shed Experiments 

The results given in Fig. 14 for a sharp parapet show a profound change in 
the roof pressures behind the parapet. Instead of a long, steady change of 
direction in the flow outside the surface of discontinuity, the aerofoil or radiused 
corner substitutes a relatively sudden local change which is neccessarily of much 


greater intensity, the suction reaching a value —2.8 (4pl*) in the case of the 
radiused edge. That the ** peak " suction is only about half this value when an 


aerofoil is added instead of a radius, is evidently due to the force on the aerofoil 
itself, which bears a large part of the ‘* centrifugal ’? reaction due to the abrupt 
“cutting off the peak suction 
on the shoulder of the main acrofoil ’’ of a slotted wing mentioned in the discus- 
sion in Ref. (4). 


change of direction. ‘This is exactly equivalent to 


This example shows very clearly the large reduction in the extent of the dead 
air region behind the parapet due to assisting the air round it, by either method. 
When the aerofoil is used there is still a small region of reversed flow behind 


the edge, however, though this does not extend far, as the flow again becomes 


direct a little further along the roof. There is thus a standing vortex sheet just 
behind the parapet which can be clearly seen with smoke (fig. 15 (c)). This is 
similar to the vortex observed on 31 slotted. (See 


With the rounded parapet the flow clings to the curved surface for about 
70° from the junction of the curved part with the vertical wall, and then breaks 
away. ‘The surface of discontinuity starts with an upward inclination of about 
20° instead of go? with the sharp parapet. Even so, the flow appears to be 
reversed over the whole of the windward half. 

It is seen from the above that the aerofoil merely steers the air round the 
corner, and, as it were, compresses the dead air region from outside. ‘The con- 
ditions in the boundary laver just behind the corner do not seem to be important. 

In the second case the corner is removed; this is therefore prevention by 
removing’ the cause, whilst the first is rather a cure. 


16 Flow round Disc 

Perhaps the clearest illustration of the steering action of an aerofoil is shown 
in Fig. 15 (d), which shows the streamlines flowing round a 5 in. flat dise in a 
wind tunnel. ‘Two pictures are superposed ; one of the flow round the dise alone, 
the other of the flow when a ring of cambered plate section surrounds it. 

In the flow past the disc, the dead air region continues to expand for some 
distance downstream, whereas, with a ring added, there is an appreciable con- 
traction behind the disc. This combination of disc and ring is that on which 
forces were measured (see Fig. 26 of Ref. (3)) and corresponds to a value of 
R/R, of 0.38 where R=drag of disc with ring attached and R,=drag of dis¢ 
alone. In this case the breakaway must always occur at the edge of the disc; 
the direction of the surface of discontinuity seems to be the only thing capable 
of modification, except for a change in the speed near the disc, which must be 
somewhat reduced. 


16.1 Windscreen on Motor Car 


Related to the above case is that of the flow over a motor car windscreen. 
Recently, whilst sitting in the front seat of an open touring car, a test was made 
of the effect of windscreen adjustment. The screen, which was vertical, was 
divided horizontally, the upper half being rotatable about its top edge. When 
closed, a strong draught was felt on the back of the neck. By pushing the upper 
half forward until it was roughly about 40° open, it was possible to reduce this 
draught very materially. Probably the drag was also reduced. 
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17 Comparison with Rings 


In Ref. (3) it is shown that a ring is only capable of reducing the drag of 
bodies which are of bad aerodynamic shape. lor example, a model airship form 
(U. 721) was converted into an engine nacelle model by placing a radial engine 
in its nose, thereby spoiling it completely as a streamline body. — In this condition 
a ring attached to it in addition produced a large reduction in over-all drag. 
Now, the same ring placed around the same body without the engine cylinders, 
i.e., the original airship form, although it was found to exert a marked towing 
effect on the body, nevertheless produced a considerable increase in over-all drag 
of ring and body. 

This, and other experiments, show that the ring’s function is to suppress 
potential turbulence due to the bluffness of a body, and that where such bluffness 
is absent the ring is ineffective. 


These ideas suggest a possible way of regarding the action of the slotted 


wing. The conception of a ‘* streamline form ’’ always implies not only a par- 
ticular kind of shape, but also a particular attitude between that shape and its 
direction of motion relative to the air through which it is moving. lor example, 


a good airship form is no longer a streamline shape when it is moving broadside 
on to the wind. Similarly, an aerofoil changes from a streamline form to a blufl 
body as soon as it passes beyond the stall. This distinction is important in the 
present connection, since the aecrofoil, though constant in shape, is streamline 
or otherwise according to the angle of incidence, and it is only when it is other- 
wise that the slot 1s of any use. 

In an early paper on slots (5), Lachmann says that ‘* with slotted sections it 
was soon found that it is impossible to reduce the profile resistance with small 
lift coefficients to the magnitude of the drag of the corresponding basic section. 
Krom a certain lift) coefhcient upwards . on the other hand, profile 
resistance of slotted wings becomes lower than that of the normal acrofoil.’? In 
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other words, the slot increases the drag of the unstalled aerofoil, which is a stream- 
line shape, and only reduces the drag after the aerofoil has become a bluff body. 
The analogy between this and the ring results referred to above is very close. 
Both cases are evidently examples of helping air to pass round corners which 
would be too sharp to negotiate smoothly without some such control. 

The fact that, associated with this reduction in drag of the slotted wing, 
there is a large increase in lift, has obscured the fact that the effect is primarily 
one of drag, increase in Jift being a very valuable by-product; its generality was 
not therefore suspected, or earlier attempts would assuredly have been made to 
ultilise this principle for reducing drag. It is one object of this paper to exhibit 
this generality. 


As with the ring, the slot 1s a cure, and when there is nothing to cure, e.g., 
at minimum k,,, the slot, like the ring,.only makes matters worse. 
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There seems to be a fairly clear distinction between the action of the slotted 
wing and that of a wing with boundary layer control by blowing through a back- 
wardly-directed slot. 

18. The main argument of this report, based as it is on the deflecting powers 
of acrofoils, may be challenged on the ground that it would apply equally well 
to the flow of a perfect fluid where drag cannot exist, since the root idea involves 
accelerating a mass, but is not directly concerned with overcoming a frictional 
resistance. 

In the perfect fluid case, however, there are two possible solutions, one stream- 
line and one discontinuous, and to the latter the argument can still legitimately 
be applied. The influence of viscosity merely determines that in a real fluid the 
latter type of motion shall always occur below some critical Revnolds Number. 
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Model and Full-Scale Tests. (R. Pris, Tech. Aéron., Vol. XXII, No. 112, Feb., 
1931, pp. 34-47-) (5.1/21301 France.) 
Test results are collected from a number of sources, and an attempt is made 
to co-ordinate the results, which are exhibited graphically. Various discrepancies 
are brought out and an explanation is attempted. 


Aeroplane Structural Problems. (K. Thalau, Z.F.M., Vol. XXII, No. 8, 28/4/31, 
pp. 229-241, 217th D.V.L. Report.) (5.15/21302 Germany.) 

A brief survey is given of various types of monoplane and biplane construc- 
tion, and of the internal construction of wings. Methods of static tests are 
discussed, illustrated for a particular case by a photograph and a diagram of 
frame loadings. 

The properties of steel and timber girders are compared, and photographs of 
typical failures are given. Stresses imposed by the engine may be investigated 
by engine tests carried out in the aeroplane, which is suspended by rubber stays 
and is free to vibrate. A photograph exhibits fatigue fractures at four points of 
the welded tubular engine mounting tested in this way, the fractures all taking 
place just beyond the welded-on stiffening webs. 

A summary is given of further investigations undertaken. 


High Altitude Monoplane. (Flugsport, Vol. XXIII, No. 8, 15/4/31, p. 167.) 
(5.15/21303 Germany.) 

Junkers, in co-operation with the D.V.L., are designing a high altitude low- 
winged monoplane, span 28 metres, flying weight of approx. 4,000 kg. The air- 
tight double-walled cabin can be kept at a reasonable pressure, the controls being 
worked through stuffing boxes. A special engine and super-charger have been 
developed for preliminary flights up to 11,000 m., and improved super-charger 
should increase the height to 15,000 m. 


Development of the Long-Range Flying Boat. (J. D. Rennie, Flight, Vol. 
XXIII, No. 19, 8/5/31, pp. 413-416, and No. 20, 15/5/31, pp. 434-437-) 
(5.15/21304 Great Britain.) 

The author discusses the broad outlines of the subject from the point of 
view of airworthiness, seaworthiness, and ton-mile performance. He states that 
the majority of British flying-boats are designed as a compromise between these 
qualities, and puts forward the idea that air performance might well be sacrificed 
to give real seaworthiness of an altogether higher standard, which would render 
disaster after a forced landing improbable. 
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Starting performance, economical speed, and cruising consumption are dis- 
cussed qualitatively by means of graphical charts, with a range of from 40,000 
to 90,000 Ibs. total weight. The curve of fuel disposition ranges from 20,000 
to 30,000 lbs. total weight. 


There are four photographs of British flying boats. 


Design of Sea-Going Aircraft. (A. Gouge, J.R.Aer.Soc., Vol. XXXV, No. 245, 
May, 1931, pp. 341-371.) (5.51/21305 Great Britain.) 

Consideration is chiefly given to hull and float shapes and characteristics, and 
numerous tank tests are given graphically, showing resistance and moment as 
functions of speed and attitude. The observed distribution of pressure on a flat 
hydroplane blade at an incidence of 10° is plotted as a family of isopressure curves. 

The time of take-off, and the length of run, are shown against total weight 
for different air densities. The ratio of seaplane float weight to total weight is 
plotted from 2,200 Ibs. to 22,000 Ibs. and the measured points lie nearly on a 
straight line. 

Reference is made to a new large flying boat, total weight 37,500 Ibs., for 
which a range of 2,400 miles is shown, carrying fuel only as disposable load. No 
detailed data nor independent tests are given for comparative valuation of this 
performance. 

Photographs of eleven seaplanes and flying boats are reproduced. An 
informative discussion follows. 


Influence of Spar Weight on Performance of Large Aeroplanes. (E. v. Lossl, 
Z.F.M., Vol. XXII, No. 6, 28/3/1931, pp. 157-161.) (5.154/20307 
Germany.) 

The usual relation between size and strength, known as ‘‘ the law of the 
cubes,’’ is embodied in the equations developed with modifications taking into 
account various departures from dynamical similitude, such as the distribution of 
loads along the span. A comparison of the coefficients of structural weight 
between cantilever monoplane wings and braced biplane wings is given graphically. 
By differentiating the expression for total equivalent resistance with respect to 
span, a minimum value is obtained which is shown graphically in non-dimensional 
form. Curves of ton-mile performance and maximum range are given likewise. 

The general formula for effective resistance includes a number of coefficients 
taken from practice, which renders comparison with other methods difficult. In 
the discussion the view was put forward that the distribution of load along the 
span does not reduce the weight appreciably. Difficulties in estimating the share 
of structural load taken up by metallic wing covering were mentioned. At present 
this can be settled only in a purely empirical manner from experience. 


Giant Aircraft, Useful Load. (E. Jones, Aero Digest, Vol. XVIII, No. 4, April, 
1931, 50.) (5.154/21308 U.S.A.) 

A discursive article on giant aeroplanes, illustrated by photographs, includes 
(p. 228) a table of useful load plotted against total weight. In the American 
examples, of which 34 are given, ranging from 4,000 to 22,000 lbs. total weight, 
there is a decided tendency for the useful load to fall off with size. 

In the 37 European examples, ranging from 4,400 to 99,200 lbs. total weight, 
the table exhibits roughly a contrary tendency. 

The run of the figures is extremely irregular, and, in the absence of reliable 
constructional and test data, particularly of reliable load factors, it would be 
rash to draw any conclusion. 

A comparison of aeroplane with airship is decidedly against the latter. 
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Distribution of Aerodynamical Velocities Round an Aeroplane in Flight. (A. 
Magnan and A, Sainte-Lagué, C.R., Vol. CXCII, No. 13, 30/3/31, pp. 
795-797-) (5.1/21309 France.) 

A full seale exploration of the velocity field round an aeroplane was carried 
out by means of a movable Venturi tube. The speed of the aeroplane was taken 
as 182 km. per hour from a fixed Venturi tube at a suitable point near the wing 
tip. Local velocities were measured at fourteen other points, the highest being 
248 km. per hour behind the airscrew and above the left wing, and the lowest 
146 km. per hour behind the trailing edge. 


i ffect on Boundary Layer and Wing Characteristics of Internally Connected 
Orifices on Suction Side. (1. H. Abbott, N.A.C.A. Tech. Note, No. 371, 
April, 1931.) (5.2/21310 U.S.A.) 

An aerofoil was constructed with a slot at the point of maximum pressure 
diminution on the upper surface near the nose, and a distribution of eleven 
additional slots along the upper surface of the wing, all connected by an internal 
channel. In principle, air should pass out of the wing at the nose slot and be 
drawn in at the slots further aft, thereby sucking away the boundary layer. The 
tests show interesting modifications of the wing characteristics. The maximum 
lift is reached at 28° incidence with all slots open, at about 12° with slots 2 and 9 
closed, and 15° without slots. In the first case the lift and I./D coefficients are 
heavily reduced so that stalling occurs at lower speeds, albeit at higher angles of 
incidence. 


Eleven references are given. 


Wing Profiles—Cataloque. Nos. 226-250. (Services des Recherches de I’ Aero- 
nautique, March, 1931.) (s.2/21311 France.) 
A further series of twenty-five profiles is given, drawn to scale, with their 
aerodynamical qualities exhibited graphically and in tables as before. See A. & 
N. No. 17/20252. 


Katended Theory of Thin Aerofoils: Application to the Biplane Problem. 
(C. B. Millikan, N.A.C.A. Report, No. 362, Feb., 1931.) (5.2/21312 
U.S.A.) 

From Author’s summary :— 

The aerofoil theory presented in this Paper has been applied to the biplane 
problem only. It furnishes, however, a general method of attacking the problem 
of the behaviour of an aerofoil in a disturbed flow, when the disturbing velocities 
at the aerofoil are known. For this reason it should have a fairly extended range 
of usefulness. The biplane theory itself is somewhat cumbersome, and the applica- 
tion to particular examples involves rather tedious computations, but it is difficult 
to see at present how a much simpler theory could be developed for so complex 
a problem without the introduction of unjustifiable assumptions. The agreement 
of the present theory with experiment, as indicated in the examples which have 
been investigated, is in general satisfactory, although considerable discrepancies 
have been found in certain cases. For the further investigation of these dis- 
crepancies it is desirable to have a systematic series of experiments at larger 
Reynolds numbers. 


Acrodynamic Characteristics of Three Tapered Aerofoils. (R. F. Anderson, 
N.A.C.A. Tech. Note, No. 367, Feb., 1931.) (5.2/21313 U.S.A.) 

The measurements were made in the variable density wind channel, and the 

results are given graphically and in numerical tables, in comparison with an aero- 

foil of rectangular plan under the same conditions. The minimum drag of the 


~I 
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rectangular wing is 20 per cent. less than that of the tapered wing, but with 
increasing lift the difference becomes less. Lift and drag curves are plotted 
against incidence and polar diagrams are drawn. 


Germ Variable Surface Wing. (L’Aecrophile, Vol. XXXVIII, No. 11, 15/2/31, 
pp. 52-54.) (5.23/21314 France.) 


Photographs illustrate the mechanical construction by which the surface of 


the wing is increased. The method consists of drawing out a rolled up flexible 
trailing section, somewhat after the manner of a flexible shutter, parallel to the 
spar. The base of the flexible part is encastré in a slot in the fixed wing, along 


which it slides. 


Landing Speeds. (H. FF. Ridley, N.A.C.A. Tech. Note, No. 349, Sept., 1930, 
60 pp.) (5.1/21315 U.S.A.) 

The effect on the coefficient of lift and drag exercised by the reflection of the 
fixed and trailing vortices in the ground is calculated and the landing speed is 
deduced. Comparison with experimentally-measured landing speeds of four 
monoplanes and cight biplanes shows that these corrections are accurate. Each 
case 1s worked out numerically. 


Shorlening Starting and Landing Runs. (R. Jaeschke, Z.1.M., Vol. XXII, 
No. 8. 28/4/31, pp. 221-228.) (5.23/21316 Germany.) 

An aeroplane wing of mechanically variable area, increasing the practicable 

speed range, has been the subject of innumerable patents, and the aim of most 

constructors since the early days of aviation. No such device has survived the 


test of experience. The device put forward in the present Paper has the advantage 
of comparative simplicity of operation without undue sacrifice of structural 
strength. The outline of the wing profile remains reasonably good. Slight dis- 
continuities on the lower side are formed, but probably have no very serious effect in 
disturbing the flow. The problem of pulling out the extension of the surface 
during flight remains to be considered, and only successful operation over a long 
period can decide its practicability. The problem of placing the ailerons is met 


by attaching them to a small lower wing of fixed surface. 

Polar curves are given of the extended wing alone and of the complete biplane 
cell; performance diagrams are given with wing contracted and with wing 
extended. Photographs and diagrams show the experimental machine as_ built 


and some of its details. 


Steel Strip Construction. (W. H. Sayers, Aire. Eng., Vol. III, No. 27, May, 
1931, pp. 105-106.) (5.25/21317 Great Britain.) 

A review is given of the development of steel construction for wings, par- 
ticularly of Boulton & Paul’s work for the Air Ministry. The necessity for 
quantity production for economic application is admitted. Expensive riveting 1s 
avoided by spot welding. Outline sketches are given exhibiting tubing, flanging, 
brazing, ribs, and a built-up wing frame. 


Variation of Aileron Hinge Moment with Chord and Span. (B. H. Monish, 
N.A.C.A. Report, No. 370, March, 1931.)  (5.31/21318 U.S.A.) 

The mounting of the models in the wind channel is shown diagrammatically, 

and the measured results are tabulated numerically and plotted graphically. The 
hinge moment varies roughly as the span and as the square of the chord. 
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Airscrews 
Adaptation of the Airscrew to the Aeroplane. (M. Volpert, Tech. Aeron., No. 
111, Jan., 1931, pp. 21-25, and No. 113, Mar., 1931, pp. 60-70.) 
(5.65/21319 France.) 
The fitting of a reduction gear between a 700 h.p. engine and the airscrew 
gained nearly 200 effective horse-power. 
The variation of efficiency with various pairs of parameters is exhibited 
graphically by families of curves. 


An Improved Wooden Airscrew. (Luftwacht, No. 3, Mar., 1931, p. 138.) 
(5.052/21320 Germany.) 

The wooden airscrew has a fabric covering rendered completely impervious to 
water, petrol and oil by a special dope. A metal sheath may be attached directly 
to the fabric over the leading edge without rivets. The new covering allows the 
use of wood of lower density with a 30 per cent. saving in weight, and prevents 
warping and corrosion in seaplane work. 


Instruments 
Neon Lamp Used to Indicate Contact in New Maximum Pressure Indicator. 
(Autom. Ind., Vol. LXIV, No. 12, 21/3/31, p. 481.) (6.26/21321 U.S.A.) 


An uncooled diaphragm of negliyible stiffness brought within 4 in. of the 
interior wall of the combustion chamber can be kept sufficiently cool to prevent 
rupture, and is exposed to cylinder pressure on one side, and on the other side to 
balancing pressure from an air bottle connected through a control block with a 
Bourdon spring gauge. A small Neon lamp mounted directly above the gauge 
indicates maximum pressures. For a multiple cylinder engine a bank of lamps 
is used, and readings are taken simultaneously showing rapidly variations in 
operating conditions and giving more consistent results than any other instrument 
for the determination of maximum cylinder pressures. 


Stability and Control 
Static Stabilitu. (M. Guibert, L’Aecron., No. 140, Jan., 1931, pp. 11-19.) 
(7.2/21322 I*rance.) 

The pitching moment of an acroplane is analysed into its various Components. 
Elementary formule are obtained and the graphical representation illustrates at 
a glance the limit of neutral equilibrium. Graphical methods of application are 
expounded, and a comparison is made between power flight and gliding flight. 


The Boykow Automatic Pilot (Aero. Rev., Vol. VI, No. 8, 15/4/31, p. 116.) 
(7.5/21323 Switzerland.) 

The Boykow automatic pilot, weighing 110 kg., gave satisfaction on the 

Junkers W. 33 over 100 flying hours. [It has been simplified and lightened. The 

new type, costing approximately £1,500, is undergoing trials on the Junkers 


W. 34. 


Full-Scale Measurement of Manmuvrability (C. H. Dearborn and H. W. 
Kirschbaum, N.A.C.A. Report, No. 369, March, 1931.)  (7.4/21324 
U.S.A.) 

Air speed, angular velocity, linear acceleration, and control movements were 
measured during a variety of aerobatic manoeuvres. The special instruments 
mounted were an angular velocity recorder, corrected air speed recorder, recording 
inclinometer and a timer. In some cases the flight path was recorded by a camera 
obscura. The results are shown graphically, and some are tabulated numerically. 

Eleven references are given. 
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Landing in Fog. _ CR. Schulz, Luftwacht, No. 3, March, 1931, p. 129-134.) 
(7.8/21325 Germany.) 
The radio beacon and receiving system developed by the American Bureau 
of Standards is described, and is considered as the furthest developed and most 
effective. 


Engines 
Tatra Engine with Cylindrical Head-Joint. (Autom. Ind., Vol. LXIV, No. 7, 
14/2/31, p- 234.) (8.25/21326 U.S.A.) 

Two banks of cylinders at 60’, with the valves of both sets horizontal and 
operated from the same camshaft at 60° with the cylinder axes, require an unusual 
form of combustion chamber. ‘The machining problem has been solved by making 
the joint between the cylinder and head cylindrical. The under surface of the 
entire head also is cylindrical except for depressions in it directly over the valve 
heads. ‘The piston comes close up to the cylinder head at the top of the stroke 
and induces considerable, turbulence in the charge near the instant of firing. The 
cylinder head is of cast aluminium. The cylindrical joint overcomes difficulties 
due to differences in expansion. 


Heat Transfer through Building Walls. (M.S. van Dusen and J. L. Finck, Bur. 
Stan. J. Res., Vol. VI, No. 3, March, 1931, pp. 493-522.) (8.1/21327 
U.S.A.) 

An clementary physical theory of heat conduction is applied, and coefficients 
are obtained from tests of slabs of representative materials. These were used to 
compute the conductivity of walls. It is stated that the error of measurement is 
less than 5 per cent. 


Calculation of Nquilibrium and Temperature Resulting from the Combustion of 
Carburetled Mirtures. (P. Montagne, C.R., Vol. CXCII, No.'15, 13/4/31, 
pp. 882-884.) (8.1/21328 France.) 

The authors calculate the combustion temperatures of a series of pentane- 
oxygen mixtures, making allowance for dissociation of hydrogen. The highest 
temperature, 3,820° absolute, was obtained with a mixture 20 per cent. rich in 
combustible. 


Gascous HMaplosive Reaction—-Nffect of Pressure on Rate of Propagation of 
Reaction Zone and on Rate of Molecular Transformation. (1°. W. Stevens, 
N.A.C.A. Report, No. 372, Feb., 1931.) (8.10/21329 U.S.A.) 

The constant pressure bomb used in studying the effect of pressure on normal 
burning reaction approaches an ideal experimental engine. The time-volume 
figures at constant pressure give accurately the work done by a given charge. 
The experimental results for increasing pressures show that the work done is 
proportional to pressure, that is, to the concentration of the charge. 

Under like conditions the final state of equilibrium is independent of the 
intermediate stages, and it is desirable to establish a formal mechanism such as 
has been attempted in the kinetic theory of chain reactions. 

Twenty-seven references are given. 


Photographic Flame Studies in the Petrol ingine. (LL. Withrow and T. A. Boyd, 
Ind. & Eng. Chem., Vol. XXIII, No. 5, May, 1931, pp. 539-547.) 
(8.13/21330 U.S.A.) 

Simultaneous photographs were taken of the pressure rise and flame travel 
in an engine at constant r.p.m. with different spark settings and fuels. The after- 
glow confirms observations of Maxwell and Wheeler with a bomb. Knocking 
occurs when the rate of flame propagation rises from its comparatively low speed 
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at ignition to a high speed through the unburnt portion of the charge. ‘Tetra-ethyl 
lead does not affect the initial character of the flame, but postpones or prevents 
the subsequent rise of flame velocity and the concomitant knock. 

Eleven references are given. 


Luminous Stationary Flames: Quantitative Relationship between Dimen- 
sions at the Sooting Point and Chemical Composition, with Special Refer- 
ence to Petroleum Hydrocarbons. (S. T. Minchin, J. Inst. Petroleum 
Tech., 1931, 17, 102-120, Chem. & Ind., Vol. L, No. 21, 22/5/31, p. 
409.) (8.13/21331 Great Britain.) 

The tendency of a kerosene to form smoke is proportional to its aromatic and 
naphthene content and depends on the boiling range. An equation is derived 
for the tendency to smoke of any homologous series. It appears that the work 
could be extended to anti-knock properties of the fuel. 


Ultra-Violet Spectroscopy of Flames of Motor Fuels. Analysis of Gasoline for 
Tron Carbonyl by Means of a Small Quartz-Prism Spectrograph. (G. L. 
Clark, V. R. Hardy and H. B. Willman, J. Phys, Chem., 1930, 34, 1924- 
1g2y. Chem. & Ind., Vol. L, No. 21, '5/31, p. 469.) (8.13/21332 Great 
Britain. ) 

Concentrations as small as 5 * 107 grammes of carbonyl per cc. of solution 
can be detected by the quartz-spectrograph. Several of the iron lines shown 


5) 


to 
t 


have not been previously identified in’ flames. 


Maperiments to Determine Velocitics of Klame Propagation in a Side Valve 
Gasoline Iingine. (J. Inst. Pet. Tech., 16, 756-82 (1930). Chem. Absts., 
Vol. XXV, No. 7, 10/4/31, p. 1664.) (&.13/21333 Germany.) 

The speed of flame propagation was measured stroboscopically and the rate 
of pressure rise in the combustion chamber was observed. Using combustion 
heads with different clearances the mean velocity of flame propagation was pro- 
portional to the maximum rate of pressure rise which was taken as a measure of 
the turbulence. The smaller the head clearance the more rapidly the flame speed 
diminishes after reaching the cylinder surface, where the flame is cooled. The 


H.ULC.LR. was raised for the same reason. 


On the Velocity of Phenomena Due to the Detonation of Solid Kaplosives. (P. 
Lailitte and M_ Patry, C.R., Vol. CXCII, No. 12, 23/3/31, pp. 744-746.) 
(8.13/21334 France.) 

In the immediate neighbourhood of an exploding substance the speeds of 


shock wave and of projected luminous gases are identical. The gas speed 
diminishes more rapidly than the shock wave speed, so that the two phenomena 
separate and are propagated independently. Examples for various charge 


densities of dynamite and tetryl are given, 


Kinetics of Combination of and O,. Influence of Todine. (W. Garstany 
and ©. N. Hinshelwood, Proce, Roy. Soc., Vol. CXXX, No. A.815, 3/3/31, 
pp. 640-654.) (8.13/21335 Great Britain.) 

The surface reaction in vessel of silica and porcelain is found to be accelerated 
by the presence of iodine, but the gas reaction at relatively high temperatures 
and pressures is retarded and explosion within normal pressure limits is inhibited, 


Modern Engime Production. (J. C. Briggs, Airc. Eng., Vol. III, No. 26, April, 
1931, pp. $0-86.)  (8.2/21336 Great Britain.) 


A detailed technical description is given of the processes of manufacture in 
the production of Jaguar engines, illustrated by twenty-eight photographs. 
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Scavenging and Power Output of Two-Stroke Hngine. (R. Wintterlin, Z.V.D.L., 
Vol. LXXV, No. 6, 7/2/31, pp. 165-169.) (8.1/21337 Germany.) 
The problem is investigated theoretically and the relations obtained between 
quantity of scavenge air required, pressure, speed of operation, valve area, and 
stroke volume, indicate the disadvantages of short stroke engines. 


Stress Analysis of Aircrafi Engines. (HH. Caminez, Autom. Ind., Vol. LXIV, 
No. 18, 2/5/31, pp. 699-698.) (8.2/21338 U.S.A.) 

The rigidity of a bearing determines its load capacity. The introduction of 

stecl-backed lead-bronze bearing to replace the plastic babbit metal in common 
use till 1925 has doubled the permissible rubbing: speed, 


In radial engines the extra side thrust on the piston brought about by the 
master rod assembly has to be allowed for when applying single cylinder results. 


Torque variation should be specified in all propeller tests. 


Approzimate Equations for the Standard Atmosphere. (W. S. Diehl, N.A.C.A. 
Report, No. 376, March, 1931.) (8.23/21339 U.S.A.) 
A number of empirical functions are tabulated and plotted graphically against 
an accepted standard curve. These functions have their appropriate application in 
calculating the cffeet of height on performance, 


Comparison of Aeroplane Performance. (J. Kerguistel, L’Aeron., No. 142, 
March, 1931, pp. 89-92.) (8.23/21340 France.) 

An empirical formula is given for variation of engine torque with height, 
and on this basis a family of curves is drawn from which the ceiling height may 
be read off. Selecting two convenient parameters twenty-eight results are marked, 
and illustrate the application of the method. The time of climb is also obtained 
readily. 


Graphical Determination of Ceiling. (W. S. Diehl, N.A.C.A. Report, No. 368, 
March, 1931.) (8.23/21341 U.S.A.) 

The usual formula for horse-power required are substantially exact. The 
expression for horse-power available depends on a paper to which only reference 
is given. The results are plotted in intersecting families of curves which enable 
the ceiling to be read off from the data of the aeroplane and power plant. 

ive references are given, 


Superchargers and Supercharging. (O. W. Schey, S.A.E. Journal, Vol. XXVIII, 
No. 5, May, 1931, p. 524-525, also N.A.C.A. Report, No. 384.) 
(8.235/21342 U.S.A.) 

Various types of supercharger are briefly described. Compression efficiency 
is important. A boost of 5 Ibs. per sq. in. produced no perceptible inerease in 
exhaust temperature with a compression ratio of 7.5, and a rise of roo? lk. with 
a compression ratio of 3.5. 


Superchargers. (L’Aeron., No. 142, March, 1931, pp. 1o1-tog.) (8.235/21343 
rance. ) 


A brief general discussion of superchargers is given, with photographs, perspec- 


tive drawings and sectional arrangement of the Rateau-larman compressor and 
mechanical control. Curves and tables of performance are given up to heights 
of 8,000 metres from two test flights. 
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The Oberhanslii Four-Cylinder Heavy Oil Kngine. (K. Neumann, Z.V.D.1., 
Vol. LXXV, No. 15, 11/4/31, pp. 453-455-) (8.25/21344 Germany.) 

This engine has two-stage ignition, the ignition chamber being displaced 
relative to the cylinder axis, with communication through a wide channel shaped 
to produce turbulence. ‘The Bosch fuel pump is used. Tests on a four-cylinder 
engine rated 8o h.p. at 1,350 r.p.m., showed mean effective pressure 80 Ibs. 
per sq. in., fuel consumption 45 Ibs. per hour, volumetric performance 8.4 h.p. 
per litre. 


Combustion and Design Problems of Light High-Speed Diesel Engines. (S.A.E. 
Journal, Vol. XXVIII, No. 5, May, 1931, p. 565-568.) (8.25/21345 


U.S.A.) 
The mean effective pressure of an injection engine is reduced by ignition 
lag, which so far remains too great for high speed operation. ‘The application 


of boost pressure is promising, provided that the injection system can maintain 
fuel penetration against the increased pressure. 


Jalbert Heavy Oil Engine. (W. F. Bradley, Autom. Ind., Vol. LXIV, No. 14, 
4/5/31, pp. 548-549.) (8.25/21346 U.S.A.) 

The engine has a carburettor whch feeds gas oil to a small cylinder mounted 
on the head of each working cylinder, with a piston driven at half engine speed 
from the overhead camshaft. Between fuel cylinder and working cylinder is 
an automatic valve with a small lift of a few hundredths of a millimetre. 
Experiments on the single cylinder units have given M.E.P.’s of 100 Ibs. per 
sq. inch at 2,000 r.p.m., with oil consumption less than 4 Ibs. per brake horse- 
power. 

A six-cylinder engine, bore 125/180 mm., rated at 200 h.p., is being developed 
by the French Air Service. 


Survey of Mobile Type Diesel Engines. (C. G. A. Rosen, S.A.E., Vol. XXVIII, 
No. 3, March, 1931, pp. 301-306.) (8.291/21347 U.S.A.) 

To maintain high operative speeds in mobile Diesel engines attention is 
being diverted to special light fuel oils, whereas the future depends on ability to 
consume cheap fucl economically. Engines of the Hesselmann type are a com- 
promise, and lose the economic advantage of cheap fuel. 


iffectiveness of Ignition Sparks. (M. F. Peters, W. L. Summerville and M. 
Davis, N.A.C.A. Report, No. 359, Nov., 1930, 13 pp.) (8.28/21348 
U.S.A.) 

The effectiveness of a spark was determined by measuring the volume of 
hydrogen and oxygen combined by its passage under 2 mm. of mercury absolute 
pressure. A definite number of sparks was passed and_ the reaction estimated 
by the diminution of pressure. In a general way the mass of gas ignited is 
closely related with the maximum current. Increase of spark intensity increased 
the mass of gas which reacted. : 

A bibliography is given. 


Fuel Injection with Spark Ignition in an Otto-Cycle Engine. (C. F. Taylor, 
E. S. Taylor and G. L. Williams, S.A.E., Vol. XXVIII, No. 3, March, 
1931, 345-352.) (8.28/21349 U.S.A.) 

A series of tests was run to compare the performance of an engine with the 
injection of fuel into the inlet pipe, with injection into the cylinder and with a 
conventional carburettor. The fuel was injected into the inlet pipe during the 
suction stroke from 30° to 51° after top dead centre. 
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Fucl injection into the cylinder through the top sparking plug hole was 
begun at various angles through the range from 30° to 120° after T.D.C. during 
the suction stroke and lasted for about 21°. The injection valve was designed 
to give good atomisation and low penetration against substantially atmospheric 
pressure in the cylinder. Constant engine speed was 1,500 r.p.m., and spark 
advance was 28°; compression ratio varied from 3.5 and 5/1. 

Injection generally have better power and economy than the carburettor, 
probably by increase of volumetric efficiency. The fuel economy is most marked 
with very weak mixtures, such as lead to back fire with a carburettor. 


The Automotive Ignition Coil. (T. H. Darnell, N.A.C.A. Report, No. 374, 
April, 1931.) (8.281/21350 U.S.A.) 


Measurements on the secondary voltage induced in an ignition coil of typical 
construction under a variety of operating conditions are in satisfactory agreement 
with calculated figures. 


Bi-Metal Pistons. (Dipl. Ing. Mahle, Autom. Tech. Zeit., Vol. XXXIV, No. 9, 
31/3/31, pp. 205-208.) (8.32/21351 Germany.) 


Pistons with light alloy heads attached to cast iron steel skirts have not 
been a success. Light alloy pistons with inserts of invar to reduce expansion 
of the skirt are more promising. The main difficulty is the provision of adequate 
ring support in the head combined with proper lubrication. The strength of 
all light alloys diminishes rapidly with temperature, and any measurable blow- 
past softens the supports sufficiently to allow the rings to hammer. Gas leakage 
increases and the piston crown finally burns away. The wear in the cylinder 
barrel is determined primarily by piston ring friction. The rapid wear often 
associated with light alloy pistons is not due to the lapping action of the alloy 
as previously held, but to faulty ring lubrication. 


Fricdl Air-Cooled Valve. (Flugsport, Vol. XXIII, No. 8, 15/4/31, p. 166.) 


(8.32/21352 Germany.) 


The hollow exhaust valve has air entry holes in the stem and exit holes near 
the valve seating. The exhaust pipe of the engine, in the form of a short venturi, 
faces forward and produces pressure drop near the valve seating which aspires 
a stream of air through the valve save during the exhaust stroke. The holes 
are placed so that no exhaust enters the valve. An increase in performance is 
claimed on a standard Boeing postal aeroplane. 


Colloidal Graphite as Anti-Fur Compound in Radiators. (O. Steinitz, Autom. 
Tech. Zeit., Vol. XXXIV, No. 10, 10/4/31, p. 236.) (8.4/21353 Germany.) 


A solution of 5 grammes of colloidal graphite in 2 gallons of water has an 
effective anti-fur action by providing active centres throughout the water for 
the deposit of lime or other salts, which otherwise would be deposited on the 
metal surfaces. 


Artificial Ageing of Mineral Oils. (F. Evers and R. Schmidt, Wiss. Veroffent- 
lich Siemens Konzern 9, No. 1, 357-68 (1930). Chem. Absts., Vol. XXV, 
No. 8, 20/4/31, p. 1977.) (8.54/21354 Germany.) 


The Siemens Konzern has developed an accelerated ageing test for mineral 
oils which is stated to give a close approximation to the average life of oil in 
electrical transformers. 
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Oil Cooling. (W. R. Ramsaur, S.A.E. Jrnl., Vol. XXVIII, No. 4, April, 1931, 
pp- 429-437-) (8.58/21355 U.S.A.) 

The effect of temperature in reducing the strength of bearings is discussed 
and numerical results of experiments are given graphically, an extreme case 
showing a reduction of 75 per cent. at the boiling point of water. Measured 
oil temperatures, with and without oil cooling, are also given graphically. 

Photographs of two typical oil coolers are given. 


Gasoline and Lubricants by Hydrogenation. (R. T. Haslam and W. C. Bauer, 
Oil and Gas J., 29, No. 37, 34, 165, 166 (1931). Chem. Absts., Vol. 
XXV, No. 8, 20/4/31, p. 1982.) (8.602/21356 U.S.A.) 

The anti-knock quality of hydrogenated gasolines, in contrast with cracked 
fucls, increases with density and their lubricating quality meets all normal require- 
ments. ‘They are sensitive to the addition of lead tetra-ethyl and are generally 
equivalent to benzine for blending purposes. 


se of Alcohol as Fuel in Germany. (IK. R. Dietrich, Autom. Tech. Zeit., 
Vol. XXXIV, No. 9, 31/3/31, pp. 209-210, and No. 10, 10/4/31, pp. 234- 
235-) (8.606/21357 Germany.) 

An historical sketch is given of the development of alcohol base fuel for motor- 
cars, which received great impetus during the war. The main difficulty is the 
provision of an alcohol free from water content. Mixtures containing impure 
alcohol, though stable, will form deposits in the tanks when replaced by a normal 
petrol or benzol. Several methods of producing water-free alcohol on the indus- 
trial scale are on trial in Germany, and a French process, worked under licence, 
monopolin,’’ and 


The U 


is apparently the most successful. The fuel is marketed as 
contains 20 per cent. absolute alcohol, the rest being petrol or petrol-benzol. 
Recently each importer of petrol is obliged by law to buy a proportion of absolute 
alcohol from the Government trust, as in France, where active Government help 
has established the alcohol industry. Similar fuel mixtures containing alcohol 
are standardised in Italy and Spain. 
Storage of Carbon Monowide. (QO. H. Wagner, Brennstoff Chem., 12, 87-9 (1931). 
Chem. Absts., Vol. XXV, No. &, 20/4/31, p. 1971.) (8.64/21358 Germany.) 
Carbon monoxide is a constituent of coke oven and blast furnace gases, and 


enormous quantities are wasted yearly. Various methods of storage are investi- 
gated. The most promising absorbent substances are the halides and ammoniates 
of copper, iron, nickel and cobalt. The gas forms an excellent motor fuel either 


aione or in admixture to reduce detonating of fuel gases rich in hydrogen. 


Presence of Perorides in the Gases of Kaplosion Engines. (Dumanois, Mondain- 
Monval and Quanquin, C.R., Vol. CNCII, No. 19, 11/5/31, pp. 1158-1160.) 
(8.640/21359 Trance.) 

A 1k h.p. 1,200 r.p.m. air-cooled motor-cycle engine was run under load till 
the cylinder, covered with asbestos, reached a temperature of 270° C., at which 
running was continued under auto-ignition for about two minutes with the electric 
ignition switched off. This is explained by the presence of peroxide formed during 
the compression stroke, the alternative explanation of a local hot spot being dis- 
missed without comment. Motoring after the cessation of auto-ignition showed 
aldehydes and other oxidising agents in the exhaust. 


Ulrafiltration of Petroleum. (A. Zaharia and E. Lueatu, Bul. Soc. Chim. 
Romania 12, go-4 (1930). Chem. Absts., Vol. XXV, No. 8, 20/4/31, 

1977.) (8.64/21360 Italy.) 
Filtration experiments with rubber membranes .04 mm. thick under 150 atmos- 
pheres indicate that the asphalt in petroleum is colloidal, but the resins and 


paraffins are in true solution. 


= 
= 
— 
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Kaplosion of Mirtures of Acetylene and Electrolytic Gas. (W. A. Bone, R. P. 
Fraser and I*. Lake, Proc. Roy. Soc., Vol. CXXXI, No. A.816, 2/4/31, 
pp. 1-17.) (8.640/2:361 Great Britain.) 

Successive additions of acetylene to electrolytic gas disturb the uniformity of 
the initial flame of propagation. It appears that the freshly-formed carbon 
monoxide is in an excited condition and competes with the free hydrogen present 
more than can be accounted for by ultimate equilibrium under the law of mass 
action. There are difficulties in the interpretation of the records which it is 
hoped to clucidate later. 

Deionation Characteristics of some Alipathic Olefin’ Hydrocarbons. G. 
Lovell, J. M. Campbell and T. A. Boyd, Ind. & Eng. Chem., Vol. XXIII, 
No. 5, May, 1931, pp. 555-558.) (8.645/21362 U.S.A.) 

The relative tendencies to knock in an engine were measured for 25 olefin 
hydrocarbons. Differences in’ knocking tendencies are related to molecular 
structure. With straight-chain olefins the tendency increases with the length of 
the longest saturated carbon chain. With branch-chain olefins the knocking 
depends on the position of the double bond, and on the structure of the branch, 


Knocking in Ignition Engines. (IK. Schnauffer, Z.V.D.1., Vol. LXXV, No. 15, 
11/4/31, pp. 455-456.) (8.645/21363 Germany.) 

From the change in ionisation of the fuel mixture in an ignition engine during 
the working cycle at several measuring points, the zone of maximum ionisation 
can be traced out by oscillograph. Assuming this zone to coincide with the flame 
front, the latter, under detonating conditions, appears to travel with indefinitely 
great speed over certain regions of the cylinder, so that knock is set up by the 
simultaneous ignition of a considerable portion of the charge. 


Knocking in Combustion Engines. (L. Auer, Autom. Tech, Zeit., Vol. XXXIV, 
No. 12, 30/4/31, pp. 278-279.)  (8.645/21364 Germany.) 

By fitting the Midgley pin with a special recording device, both the intensity 
of the knock and its time of occurrence are recorded on a string galvanometer. 
Generally the knock is the more intense the nearer it occurs to top dead centre. 
Maximum knock corresponds to maximum power mixture. 


Knock-Sound Intensity. (S.A.E., Vol. XXVIII, No. 2, Feb., 1931, p. 256.) 
(8.645/21265 U.S.A.) 

The measurement of knock-sound intensity by microphone and vacuum tube 
and amplifying set was described in a Paper, S.A.E., ‘* Effect of sound intensity 
on knock ratings,’’ H. KF. Huf, J. R. Sabina, and J. B. Hill, of the Atlantic 
Refining Co. Widely varying fuels were compared with mixtures of n-heptane 
and iso-octane at knock intensities ranging from incipient knock to an intensity 
causing pre-ignition. In the L-head Co-operative Fuel Research test engine, 
intensity does not affect knock ratings in fuel-matching methods. 


Knocking and Kffect of Anti-Knock Compounds. (J. Lorentzen, Z. Angew, 
Chem. 44, 130-6 (1931). Chem. Absts., Vol. XXV, No. 8, 20/4/31, p. 
1978.) (8.645/21366 Germany.) 

Knocking begins when incomplete combustion is propagated through the 
mixture and a pressure wave is reflected from the wall of the containing vessel, 
causing an explosion of the partly-oxidised products. The first addition of lead 
tetra-ethyl or iron carbonyl had no effect on combustion. The addition of com- 
bustion products of the anti-knock compound was effective in suppressing detona- 
tion under certain conditions. 
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Detonation Symposium. (A. L. Clayden, Autom. Ind., Vol. LXIV, No. 5, 
31/1/31, pp. 162-164.) (8.645/21367 U.S.A.) 

Knock-ratings are affected by spark-timing and mixture ratio. The spark- 
setting should be that of maximum power with a non-detonating fuel, and the 
mixture ratio that of maximum detonation. It is essential that the test engine 
should approximate in size, temperature, and speed of operation to the engine in 
which the fuel is to be used. 


Dilute and Highly Preheated Miztures in Carburcttor Engines. (A. Capetti, 
L.’Aerotecnica, Vol. XI, No. 3, March, 1931, 255-268.) (8.645/21368 
Italy.) 

Fuel mixtures were investigated at various throttle openings, with air inlet 
temperatures up to 120° C. At the higher temperature knocking occurred for 
weak mixtures. It appears that the most economical method of regulating an 
engine is by weakening the mixtures below maximum efficiency and then throttling. 


Itomization of Liquids. (R. A. Castleman, Jr., Bur. Stan. J. Res., Vol. VI, 
No, 3, March, 1931, pp. 369-376.) (8.701/21369 U.S.A.) 


A simplified carburettor, in the form of a thin jet acting vertically downwards 


from an orifice, was studied. ‘The rate at which the jet broke up into segments, 
and finally, under surface tension, into spherical drops, was observed by spark 
photographs and by stroboscope. “Two photographs, cach representing one case, 


are reproduced.  Rayleigh’s theory of subdivision of the jet under surface tension 
is quoted and is considered a sufficient physical explanation of the results in more 
complicated circumstances. Four photographs of atomisation of a jet of water in 
a model calibrated throat are reproduced. 


Coefficients of Discharge of Fuel Injection Nozzles for Compression Ignition 
Kngines. (A. G. Gelalles, N.A.C.A. Report, No. 373, March, 1931.) 
(8.705/21370 U.S.A.) 

The injection pressure and chamber back pressure employed were comparable 
with those in compression ignition engines during injection. A smooth entrance 
passage to the throat of the orifice is necessary for high efficiency of discharge. 
An orifice gives a higher coefficient with a beveled leading edge than with a 
rounded one. The coefficients of geometrically similar nozzles for different 
diameters and rates of flow lie on a unicursal curve when plotted against Reynolds 
numbers. 


Anti-aircraft Ranging, Etc. 

Machine-Gun Cooling. (Sci. Am., April, 1931, p. 264.) (9.11/21371 U.S.A.) 
A note quoted from the daily Press states that the use of ethylene glycol in 

the water jacket doubles the firing capacity of machine guns. 


Anti-Aircraft: Methods Applied to Field Guns. (G. M. Wells, Army Ord., Vol. 
XI, No. 65, March-April, 1931, pp. 365-370.) (9.77/21372 U.S.A.) 


The author is chief of the anti-aircraft section of the Artillery Division of the 
U.S.A. Ordnance Dept. He discusses the general problem of fire control of anti- 
aircraft batteries. A diagrammatic chart is given of a complete lay-out for a 
four-gun battery. Photographs are given of the battery in action, with personnel 
and equipment, and individual photographs of the director mounted on a motor 
truck, and an optical range finder, the former with a crew of seven, and the latter 
with a crew of three. 
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Resistance to Heat of Ordinary Steels. (L. Guillet, J. Galibourg and M. 
Samsoen, C.R., Vol. CXCII, No. 15, 13/4/31, pp. 861-863.) (10.101/21373 


The elastic properties of a series of commercial steels were measured with 
an elasticimeter designed by the authors and recording accurately small extensions 
between 15° C. and 525° C. There is no true elastic limit, even at ordinary 
temperatures. The apparent permanent set is due to the imperfections and insen- 
sitivity of measuring apparatus. 


Method of Testing the Local Klement Theory of Corrosion. (W. Geurtler and 
B. Blumenthal, Z.f. Metallk., Vol. XXIII, No. 4, April, 1931, p. 118.) 
(10.125/21374 Germany.) 


Apparatus is described for determining the rate of solution of zine in hydro- 
chloric acid. The possibility of using this method for attacking the general 
problem is discussed. 


Velocity of Corrosion from the Electrochemical Standpoint. (U. R. Evans, 
L.. C. Bannister and S. C. Britton, Proc. Roy. Soc., Vol. CXXXI, No. 
A.817, 1/5/31, pp. 355-375-) (10.125/21375 Great Britain.) 


Under conditions favourable for complete tapping of the electric currents 
flowing between anodic and cathodic portions of corroding metal, the currents 
measured are equivalent electro-chemically to the corrosion produced. With a 
single metal the anodic and cathodic areas are determined by differences in oxygen 
concentration. The electro-chemical factors which determine the strength of this 
current are the main problem of corrosion. Increasing current reduces the poten- 
tial difference between cathode and anode by polarisation, but before they are 
equalised it must reach an equilibrium value which gives the maximum corrosion 
rate under the particular conditions however low the resistance of the circuit. The 
current strength cannot be obtained by dividing the apparent clectro-chemical 
potential by the apparent resistance of the circuit. 


Polarisation, due to limitation of oxygen supply, occurs generally at the catho- 
dic area. Cathodic polarisation curves, under controlled conditions of oxygen 
supply, have been traced for a number of metals. 


Corrosion Due to Differences in Potential and its Prevention. (E. K. O. Schmidt, 
7Z.¥.M., Vol. XXII, No. 6, 28/3/31, pp. 177-178.)  (10.262/21376 


Germany.) 


Brass fittings screwed into light alloy parts are liable to corrosion in the 
thread, which can be prevented by a fibre bush between alloy and brass fitting. 
Bakelite fittings screwed directly into the light alloy would serve for many pur- 
poses and eliminate corrosion troubles. 


Tungsten Carbide Tools in an Automobile Plant. (Autom. Absts., Vol. IX, No. 
5, May, 1931, p. 141.) (10.2/21377 U.S.A.) 
Tools of this material are most successfully used in continuous cutting opera- 
tions, such as turning and boring. They have not yet been generally applied to 
machining steel. 


— 
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A New High Temperature Alloy, “‘ Konel.”’ (Z. Metallk., Vol. XXIII, No. 3, 
March, 1931, p. 86.) {10.23/21378 Germany.) 
The alloy has the following composition :— 
Ni. 7o per cent. 


Pe. 

99:7 95 ” 


It maintains tensile strength up to high temperatures, 42 kg/mm? at 600° C., 
more than double that of chrome-nickel steel. It finds extensive use in radio 
valves as a substitute for platinum. 


Thermal Conductivity of Krypton. (Z.V.D.i., Vol. LXXV, No. 13, 28/3/31, 
p. 405.) (10.230/21379 Germany.) 

The coefficient of thermal conductivity of Krypton is 1.9 x 107° Cal/em.sec. 
at o° C., the lowest yet determined. Xenon should have a still lower coefficient 
on account of its higher molecular weight. 

The coefficients of CO, and of hydrogen are respectively about thrice and 
thirty times as great. 


Protection of Aluminium Alloys. (P.M. Haeani, L’Aeron., No. 140, Jan., 1931, 
Pp. 32-33-) (10.231/21380 France.) 

A summary is given of the literature, particularly with reference to alclad. 
Micro-photographs show a specimen of alclad in which the pure aluminium surface 
sheet is 1.3 mm. thick. A photograph of a section of two alclad sheets, taken 
through the central line of the rivet, shows the protection afforded to the latter. 


Treatment of Commercial Aluminium and Aluminium Alloys with Cl, and N,. 
(W. Koch, Z. Metallk., Vol. XXIII, No. 3, March, 1931, pp. 95-96.) 
(10.231/21381 Germany.) 

The treatment with gas improves the structure of the alloy, containing not 
less than 95 per cent. Al. The castings are rendered more homegeneous, the 
surface is smoother, and subsequent machining is easier. 


Repairs to Aluminium Parts by Means of ‘ Tialit.”’ (Burkhard, Aero. Rev., 
Vol. VI, No. 10, 15/5/31, pp. 138-140.) (10.284/21382 Switzerland.) 
A new aluminium solder “‘ Tialit,’’ worked by a coal gas flame at a temperature 
not exceeding 400° C., is stated to have been in satisfactory use for some years 
by the Swiss Air Force, mainly for aluminium crankcase repairs. 


X-Ray Investigations of Cold Treatment of Duralumin. (J. Hengstenberg and 
G. Wasserman, Z. fur Metallk., Vol. XXIII, No. 4, April, 1931, pp. 114- 
117.) (10.231/21383 Germany.) 
The method of Debye-Scherrer indicates that the cold working of duralumin 
slightly increases concentration of copper atoms within the aluminium lattice, but 
forms no new crystals. 


Fire-Resisting Qualities of Timber. (W. Jacobsohn, Z.V.D.I., Vol. LXXV, 
No. 14, 4/4/31, pp. 424-425.) (10.4/21384 Germany.) 


A number of substances render impregnated wood more or less fire-resisting. 
Acetic acid and alum were known to the Romans. The effectiveness is measured 
by changes in weight of a specimen while exposed to a flame, and subsequently 
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after the flame has been removed. Two per cent. dyamonium phosphate was 
insufficient to prevent spread of burning. Above 12 per cent. there was no increase 
in fire-resisting qualities. 


Red and White Heart Beech, Strength Tests. (FE. Gaber and H. Hoeffigen, 
Z.V.D.1., Vol. LXXV, No. 14, 4/4/31, pp. 421-424.) (10.4/21385 
Germany.) 

Under similar test conditions the strength of beech with red-wood core is 

20 per cent. less than beech with white-wood core. 


Air Permeability of Fabrics. (H. F. Scheifer and A. S. Best, Bur. Stan. J. Res., 
Vol. VI, No. 1, Jan., 1931, pp. 51-58.) (10.424/21386 U.S.A.) 

Air is drawn through a known area of fabric and through a calibrated orifice 
meter. A photograph and a sectional diagram of the instruments are given and 
a number of typical permeability curves are tabulated and plotted showing flow 
against pressure. 


Wind Tunnels 
Design of Compressed Air Tunnel at N.P.L. (A. J. Grant, Airc. Eng., Vol. III, 
No. 26, April, 1931, pp. 93-06.) (11.1/21387 Great Britain.) 

The most impressive technical difficulty arose from the supply of the external 
steel drum, in round figures 17 feet internal diameter, 6 inches thick and 45 feet 
long. Another difficulty lay in the design of joints to prevent leakage under 
working pressures of 30 atmospheres and test pressures of too atmospheres. 


Airscrew Fans. (P. S. Ballif and H. L. Dryden, Bur. Stan. J. Res., Vol. VI, 
No. 3, March, 1931, pp. 387-399.) (11.1/21388 U.S.A.) 

In continuation of a previous article (see A. & N. No. 17/20334), a number 
of test measurements on a 2-blade fan are given in tables and graphically. Two 
photographs of the installation are given, and the geometry of the fan is specified 
in dimensioned figures and tables. Comparison is made between the 2-blade and 
4-blade fans by means of characteristic curves. 


Development of a High-Speed Wind Channel for Research in External Ballistics. 
(Sir T. E. Stanton, Proc. Roy. Soc., Vol. CXXXI, No. A.816, 2/4/31, pp. 
122-132.) (11.1/21389 Great Britain.) 

An account is given of the preliminary work carried out with a view to design- 
ing a high speed wind channel for measuring the resistance of projectiles at speeds 
above that of sound. Different patterns of sound waves are formed (see abstract 
No. 21412 of this issue), and corresponding effects on pitot determinations 
of dynamic pressure were observed. The introduction of an obstacle such as a 
model of a projectile disturbs the flow in a somewhat indeterminate manner 
as might be expected. Further investigations will be carried out. 


An Integrating Manometer for Use in Wind Tunnel Distribution Measurements. 
(R. W. Noyes, N.A.C.A. Tech. Note, No. 377, May, 1931.) (6.251/21390 


A multiple manometer designed at the Langley Memorial Aeronautical Labora- 
tory integrates automatically the normal force over the aerofoil section. A 


description and mathematical theory are given. 


Methods of Test 
Detection of Flaws in Castings by Radium. (R. F. Mehl, Sci. Am., April, 1931, 
pp. 242-245.) (11.40/21391 U.S.A.) 
Photographs of castings and radiographs exhibiting flaws are reproduced. 
A number of technical details are given. 


| 
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X-Rays in the Steel Industry. (H. H. Lester, of Watertown Arsenal, J. Franklin 
Inst., Vol. CCXI, No. 5, May, 1931, pp. 507-599. Released by Ordnance 
Dept., U.S. Army.) (11.47/21392 U.S.A.) 

A brief account is given of recent developments in X-ray examination of 
steel specimens. Three photographs of flaws in cast steel are reproduced. The 
specimens were 84 cm. thick, the potential on the X-ray tube being about 250,000 
volts. Reference is made to a new tube designed for goo,ooo volts. 

As an alternative method gamma rays from radium have been used success- 
fully to determine serious defects in steel specimens 25 cm. thick. 


Airships 
American Naval Airship. (Sci. Am., Vol. CXLIV, No. 5, May, 1931, pp. 297- 
300.) (12.3/21393 U.S.A.) 

A descriptive account is given with a number of technical details of the 
new Goodyear airship. . Comparative figures of the Graf Zeppelin and Los Angeles 
are tabulated. Photographs, sketches and diagrams exhibit the frame work, the 
completed hull with part of the fabric, and the arrangement of the outrigger 
mounting of one of the eight swivelling airscrews with the engine inside the hull. 


R.100, Canadian Flight. (N. S. Norway, J.R.Aer.Soc., Vol. XXXV, No. 245, 
May, 1931, pp. 401-414.) (12.30/21394 Great Britain.) 
The journal was written during the cruise by the author, who is Chief 
Engineer of the Airship Guarantee Co., Ltd. It is chiefly operational, but some 
technical details are included. 


Wireless 

Correlation of Radio Reception with Position of the Moon. (H. T. Stetson, 
Terrestrial Magnetism, Vol. XXXVI, No. 1, March, 1931, pp. 1-5.) 
(13.1/21395 U.S.A.) 

The mean strength of signals for each hour-angle of the moon is plotted, and 
definite signs of correlation are found. The varying signal strengths are inter- 
preted as variations in height of the ionized layer. The curve of strength is also 
transformed and plotted against the moon’s altitude and exhibits, as was ex- 
pected, a still greater effect. A diagram exhibiting the electrical field between 
earth and moon at different electrostatic potentials illustrates the theory put 
forward of the change in height of the ionized layer under the influence of the 
field. 


Some Methods of Measuring the Frequency of Short Waves. (H. Mogel, Proc. 
Inst. Rad Eng., Vol. XIX, No. 2, Feb., 1931, pp. 195-213.) (13.3/21396 


U.S.A.) 
Author’s summary : 

Four methods are given for practical frequency measurements on short waves 
(10-50 metres 30,000-6,000 ke.) with an absolute accuracy of + 0.01 per cent. to 
+ 0.001 per cent. and a relative accuracy of + 0.0001 per cent. Harmonic over- 
tones are used in each method. The frequency standards are luminous quartz 
resonators developed by Giebe and Scheibe, which are secondary standards constant 
to 1/100,000, so that continuous supervision with special calibration apparatus 
and chronograph is unnecessary. The indirect methods use fixed or variable 
fundamental frequency, while the direct methods use resonators whose response 
is indicated visually or acoustically. The methods were developed by Transradio 
A. G. Berlin, and are applied at the transmitting and receiving station at Nauen 
and Geltow-Beelitz. 

Photographs of the apparatus, diagrams of connections, tabulated results, 
and eighteen references are given. 
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Short-Wave Radio Telephony. (Engineer, No. 3926, 10/5/31, p. 413.) 
(13.31/21397 Great Britain.) 

The International Telephone and Telegraph Co., Hendon, in co-operation 
with Le Material Telephonique, Paris, staged a cross-Channel test from Dover to 
Calais of two-way radio telephone communication on wave-lengths varying from 
10 to 100 cm. A “* micro-radion ”’ tube generates the high frequency oscillations 
and is connected to a doublet radiating system. The doublet is at the centre of 
a hemispherical reflector of about 45 cm. diameter and at the focus of a parabolic 
reflector, the segment of the latter being 3 m. diameter, the quarter latus-rectum 
being (from the sketch) roughly one metre. The parabolic reflector faces the 
line of transmission, the hemispheric reflector in the opposite direction. The 
radius of the latter is selected so that reflected and direct rays from the doublet 
are in phase when they fall upon the parabolic reflector. A transmitter and 
receiver of this type are required at each end, and are placed 80 yards apart to avoid 
coupling. 

Two-way conversations were carried on and heard by members of an invited 
party. 


Monitoring the Operation of Short-Wave Transmitters. (H. Mogel, Proc. Inst. 
Rad. Eng., Vol. XIX, No. 2, Feb., 1931, pp. 214-232.) (13.31/21398 
U.S: Ac) 

Irom author’s summary : 

A discussion is given of methods of monitoring the variations in the radiated 
high-frequency energy which occur in the operation of short-wave transmitters 
from five years’ experience of the great Nauen station in overseas wireless com- 
munication. 

Oscillograms are reproduced illustrating the faults detected in the usual 
curves. 


Measurements of a Short-Wave Directive Antenna at Nawen. (M. Baumler, K. 
Kruger, H. Plendl and W. Pfitzer, Proc. Inst. Rad. Eng., Vol. XIX, 
No. 5, May, 1931, pp. 812-823.) (13.31/21399 U.S.A.) 

In addition to the ground measurements, of which the results are given 
graphically, observations were made from an all-metal Junkers enclosed cabin 
monoplane. The work was restricted by the necessity of flying at high altitudes 
in reasonably calm weather. The calculated and observed horizontal character- 
istics agree very satisfactorily. The vertical characteristics were calculated both 
for a non-reflecting earth and a perfectly reflecting earth, and the latter agree 
well with the observed values, indicating complete reflection in the neighbourhood 
of the Nauen station. In general the radiated energy is concentrated in the desired 
direction, both vertically and horizontally. The standard equations of radiation 
characteristics are collected and tabulated. 


Horizontal Radiation Characteristic of a Short-Wave Directional Aerial with 
Coupled Reflector. (K. Kruger and H. Plendl, Z.H.¥.T., Vol. XX XVII, 
No. 4, April, 1931, pp. 142-145, 212th D.V.L. Report.) (13.6/21400 
Germany.) 

The station was built by Telefunken for communication with New York, and 
the directional properties were investigated with a di-pole receiver fitted to Junkers 
F. 13 aeroplane. A station for the Japanese service had been tested in a similar 
manner. The Japanese station with a reflector coupled by radiation had a back- 
ward radiation of 15 per cent. The American station with a directly fed reflector 
had a backward radiation of only 5 per cent. 
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Diversity Receiving System for Radiotelegraphy. (H. H. Beverage and H. O. 
Peterson, Proc. Inst. Rad. Eng., Vol. XIX, No. 4, April, 1931, pp. 531- 
50!.) 

Diversity Receiving System for Radiotelephony. (H. O. Peterson, H. H. 
Beverage and J. B. Moore, pp. 562-584.) (13.32/21401 U.S.A.) 

The first paper describes the application by R.C.A. Communications Inc. of 
the diversity principle to radio telegraphy and the second to radio telephony. 
The diversity principle is based on the fact that fading does not occur simul- 
taneously on (a) parallel channels at different frequencies, (b) antenna of different 
polarisations of the same frequency, (c) on antennw of the same polarisation of 
the same frequency separated in space. 

Diagrams of connections, photographs of the installation and records showing 
the separate and combined strength of three receivers are reproduced. The 
radio telegraph system has been in successful operation for some years. The 
application to radio telephony appears to be in a more experimental stage, but 
the results are promising. 


Visual Studies of Radio Fading. (kk. Merritt, T. Mclean and W. E. Bostwick, 
J. Franklin Inst., Vol. CCXI, No. 5, May, 1931, pp. 539-566.) (13.32/ 
21402 U.S.A.) 

The carrier wave, or an equivalent audible heterodyne, maintaining the ampli- 
tude and phase relations of the original signal as picked up by two directional 
antenne at right angles has the two components placed upon the deflector plates 
of a cathode ray oscilloscope tube. The electron beam combines the two com- 
ponents and produces on a fluorescent screen a visible oscillogram. 

Rapid fluctuations of the components render it difficult to obtain satisfactory 
photographic records, and this difficulty is partially met by drawing from sketches, 
which vary froma circle through a series of ellipses shrinking to a straight line 
as the limit of a flat ellipse when one component is small, or to a conjugate point 


when both components are small. The direction of the sending station is not 
necessarily along the minor axis, so that precautions must be taken in deducing 
it. The diurnal variations are discussed, and some attempt is made at classifica- 


tion. Further experiments will be carried out. 


Increase of the [ffective Height of Trailing Aerials. Eisner, G. Sudeck, R. 
Schroder and O. Zinke, L.F.F., Vol. VIII, No. 6, 3/3/31, pp. 141-159, 
207th D.V.L. Report.) (13.4/21403 Germany.) 

The D.V.L. have brought out a new form of trailing aerial with four times 
the effective height and three times the metre-ampere number of an ordinary aerial. 


Some Measurements of a Loud Speaker in Vacuo. (P. K. Turner, J.1.E.E., 
Vol. LXIX, No. 413, May, 1931, pp. 591-562.) (13.32/21404 Great 
Britain. ) 

In order to separate the electrical and mechanical characteristics of a loud- 
speaker a method was devised of testing it in vacuo. It was tested under normal 
conditions and with the diaphragm sand-loaded to a hundred times its normal 


inertia. The reactance was observed as a function of frequency under these three 
conditions, and the difference of the co-ordinates is held to separate the effects of 
acoustic loading. A mathematical theory of equivalent circuits is worked out and 


appears to sustain the results. In spite of some criticism as to the equivalence of 
the circuits introduced in the mathematical theory the method appears to offer new 
information, and in fact has been found by the author to have been previously 
applied in the laboratories of the General Electric Company of America. 
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Visible and Invisible Ultra Red Rays, with Applications to Communications and 
Safeguarding Traffic. (R. Secliger, Phys. Zeit., Vol. XXXII, No. 5, 
1/3/31, pp. 193-212.) (13.5/21405 Germany.) 

Improvements in the reception apparatus and the introduction of the amplify- 
ing valve have produced types of optical telephony which are capable of competing 
with wireless apparatus under certain conditions. The article covers the various 
types of instruments required. A receiver responding quickly to long waves in 
thermal radiation work is urgently needed. A complete bibliography, with 72 
references, is attached. 


Aulomatic Records of Signals from a Rotating Beacon. (R. L. Smith-Rose and 
H. A. Thomas, J. Sci. Insts., Vol. VIII, No. 3, March, 1931, pp. 81-88.) 
(13.6/21406 Great Britain.) 

From author’s summary : 


A drum is arranged to rotate once a minute synchronously with the beacon 
by means of a phonic motor with tuning fork control, while a pen is moved trans- 
versely so that the trace is a spiral line which is interrupted by the Morse code 
and navigation signals emitted by the beacon, and by the occurrence of the signal 
minimum at the receiver. The results of a number of tests carried out with the 
recorder at a distance of over 90 miles from the beacon show that, under normal 
conditions, the difference in bearing given by the recorder and by an observer 
using the aural signal in a pair of telephones is less than 0.5°. The recorder has 
been used for studying the performance of a rotating beacon, and when suitably 
developed for the purpose will probably have an application on board ship. For 
this purpose it may be stated from the tests already made that the apparatus will 
have a reliable working range of nearly 200 miles with the present tvpe of rotating 
beacon. 


Orfordness Rotating Beacon. (R. 1... Smith-Rose, J.I.E.E., Vol. LXIX, No. 
412, April, 1931, pp. 523-532.) (13.6/21407 Great Britain.) 

From author’s abstract: 

The Orfordness rotating-loop beacon on a wave-frequency of 288.5 kilo-cycles 
per sec. (wave-length 1,040 m.) emits continuous navigation signals with special 
Morse characters to indicate N. and E. signal positions. The results submitted 
by about 160 ships are discussed in detail. Within a range of the order of 100 
miles, under favourable conditions, about 80 per cent. of the observed bearings 
are correct to within 2°. 

A New Type of Photo-Electric Cell Using Selenium with a Rectifying Layer. 
(L. Bergmann, Phys. Zeit., Vol. XXXII, No. 7, 1/4/31, pp. 286-288.) 
(13.7/21408 Germany.) 

A photo-electric cell, recently described, consisting of a layer of copper oxide 
between plates of copper, does not require a vacuum nor initial potential difference. 
A layer of selenium between lead and iron foils is more sensitive, and, on illumina- 
tion by a five amp. are lamp, the photo-electric current drove a small motor. The 
cells, when subjected to initial voltages, produce currents of 150 milliamps. Ex- 
periments on temperature effects are being carried out. 


Photography 
Apparatus for Developing Aerial Photographs for Survey Purposes. (W. 
Oehlerking, H. Krauss and A, Griesbach, Z. Instrum., Vol. LI, No. 4, 
April, 1931, pp. 205-207.) (14.14/2140g Germany.) 
Automatic developing machines described, enable the pilot, after a survey 
flight, to obtain rapidly an idea of the results and to decide whether further flights 
will be necessary to cover the field. 
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Photogrammetry and Aero Photography. (R. Hugershoff, Vol. VII of a Hand- 
book of Scientific and Applied Photography.) (14.4/21410 Germany.) 

The book covers the present position of photogrammetry, which has received 
considerable post-war development. A large number of instruments are described 
and illustrated with photographs and diagrams, and the geometrical theory is 
worked out. The author includes instruments designed to his own specification, 
concluding with an integrating course indicator which lays off the actual course 
covered at true ground speed, subject, of course, to errors in the corrections for 
wind speed. Composite photographs of surface areas are reproduced in illustra- 
tion, along with maps based thereon. The print, diagrams, and paper are of 
high quality. 


Acoustics 
Effect of Change of State from Solid to Liquid on the Speed of Sound Transmis- 
- sion. (Z.V.D.1., Vol. LXXV, No. 13, 28/3/31, p. 398.) (15.20/21411 
Germany.) 

The sensitivity of the human ear to small changes in direction of sound sources 
is utilised to estimate the velocity of sound in bodies. On solidification the velocity 
of transmitted sound is practically doubled. An exception is bismuth, for which 
the change is smaller. 


Production of Acoustic Waves by an Air Jet above Velocity of Sound. (Dr. J. 
Hartmann, Professor of ‘Tech. Physics, R. Tech. College, Copenhagen ; 
Phil. Mag., Vol. XI, No. 72. April, 1931, pp. 926-948.) (15.2/21412 
Great Britain.) 

The results of previous Papers are reviewed. 

The air jet is discharged from a nozzle with a sharp edge, formed by a plane 
surface externally and a rather flat conical surface internally. 

When the internal pressure exceeds 1.g atm. and the jet is emitted into the 
free atmosphere a speed exceeding that of sound is attaind. 

If the internal pressure is from 3 to 5 atmospheres, the external pressure 
remaining at 1 atmosphere, the jet forms a series of pressure waves, which may 
be stationary. When the axial velocity range is explored with a pitot tube a 
damped sinusoidal curve of pressure is obtained. Utilising the variable refractive 
index, photographs of the density waves were obtained, of which 52 are reproduced. 

Determination of stationary waves was made with a resonator, the mouth of 
which was placed axially in a stream, and further experiments with two jets 
impinging axially. Determinations of dynamic pressure were made with seven 
different types of pitot head, and apparent differences in the readings were recon- 
ciled by appropriate choice of the initial point. These and other results are given 
in numerical tables and graphically. (See abstract No. 21389 of this issue.) 


A Simple Theory of Acoustic Filters. (FE. J. Irons, J. Sci. Insts., Vol. VIII, 
No. 3, March, 1931, pp. 89-93.) (15.38/21413 Great Britain.) 
A useful elementary theory of acoustic filters is given with worked out 
examples showing reasonable agreement with observation. 


Fire Prevention 
Prevention and Extinction of Fires—Conclusion of 216th D.V.L. Report. (F. 
Kuhn, Z.F.M., Vol. XXII, No. 8, 28/4/31, pp. 241-244.) (16.05/21414 
Germany.) 
The application of extinguishers is considered in detail. Various types of 
chemical extinguishers are specified, and drawings show several types of hand 
sprinkler and of automatic sprinkler, with a number of fixed nozzles directed 
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towards the most effective points for extinguishing the flames from the carburettor 
or from broken connections in the power plant. 


Helicopters 


Autogyro Rotor System. (J. S. Pecker, Auto. Ind., Vol. LXIV, No. 19, 9/5/31; 
PP. 732-734-) (17/21415 U.S.A.) 

The American Autogyro Co, manufacture the rotating unit without blades, 
but including hub, articulation joints, transmission gear and pylon, and a 
mechanical starter transmitting up to go h.p. A powerful brake stops the rotating 
blades within 30 seconds after landing. 


Deck Flying 
Deck Flying. (W. R. D. Acland, J.R.Aer.Soc., Vol. XXXV, No. 245, May, 
1931, pp. 372-400.) (18.3/21416 Great Britain.) 
Deck landing is discussed from an operational point of view and illustrated 
with numerous photographs. Some of the technical problems are stated and 
discussed, particularly the air eddies thrown off by the seaplane carrier itself. 


Matters affecting Pilots 
Measuring Bodily Steadiness. (S.A... Jrnl., Vol. XXVIII, No. 5, May, 1931, 
p. 580.) (19.29/21417 U.S.A.) 

The individual under test stands on a platform and his want of steadiness is 
recorded in two planes at right angles. Calibration of the recording instrument 
against physiological tests gives consistent results and would permit its applica- 
tion to determining the physical condition of pilots before and after flight. 


Hiah Altitude Flying. (C. J. Stewart, Airc. Eng., Vol. III], No. 26, April, 1931, 
pp. 87-92.) (19.3/21418 Great Britain.) 

The physical and physiological effects of reduced atmospheric pressure are 
described. The apparatus for the supply of the additional oxygen necessary is 
fully described and illustrated, and many technical points are discussed. 

The drop of temperature requires the supply of additional heat, both to avoid 
the numbing of the pilot and the frosting of his glasses. The alternative methods 
of warming the pilot’s clothing or of warming the air in the cockpit are described 
and illustrated. The application of the high altitude chamber is discussed. 


Variation of Pressure in a Closed Cabin during Flight. (M. N. Gough, N.A.C.A. 
Tech. Note, No. 368, March, 1931.) (19.2/21419 U.S.A.) 

A photograph and a dimensioned sketch give details of the cabin and 
windows. The maximum depression was 5.3 mb., equivalent to about 50 m. 
difference of altitude at sea level. The variation of the cabin pressure with speed 
is plotted graphically for various conditions produced by opening different windows. 


Aerodynamics and Hydrodynamics 
On Oherbeck’s Vortices. (Banarji and Barave, Phil. Mag., Vol. XI, No. 73, 
May, 1931, pp. 1057-1081.) (22.1/21420 Great Britain.) 
Following Oberbeck (1877) and Reusch (1860) a study is made of the forma- 
tion of ring vortices by ejection of fluid from a cylindrical tube into a surrounding 


mass of the same fluid. 

A number of photographs is reproduced. 

The attempt at a mathematical solution of the equations of viscous flluid motion 
is based on simplifying assumptions for which no physical reason is vouchsafed. 
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The solution obtained for a vortex pair in two dimensions appears to repre- 
sent the motion of a vortex ring in three dimensions in a qualitative manner. 
A similar result might be obtained more simply by writing down the equations 
of motion of a vortex pair and introducing empirical factors involving time to 
produce the observed slight departures from steady motion. 


Viscous Flow and Surface Films. (R. Bulkley, Bur. Stan. J. Res., Vol. VI, 
No. 1, Jan., 1931, pp. 89-112.) (22.1/21421 U.S.A.) 

An attempt was made to observe departures from Poisuelle flow in capillary 
tubes on the basis of the formation of a finite layer in contact with the surface, 
subject to special molecular forces from their proximity to the material of the 
tube. The results were negative so that the bulk viscosity cannot be altered by 
molecular forces at the boundary in a depth of greater order than 2.5 x 107° cm. 


Vibration of Cylinders in a Stream. (P. Dupin, C.R., Vol. CXCI, No. 12, 
22/9/30, pp. 482-484.) (22.10/21422 France.) 

The method of determining the periodicity of alternate vortices shed by a 
cylindrical obstacle was applied experimentally, and the frequency of oscillation 
plotted against the stream velocity in two cases. Five zones were observed :- 

(1) Steady vibrations, periods of cylinder and vortices different ; 

(2) Irregular vibrations ; 

(3) Steady vibrations, periods of cylinder and vortices equal; 

(4) Irregular periods ; 

(5) Period of vortices smaller than period of cylinder; period of cylinder 

diminishing and amplitude vanishing at a determinate value. Near the 
latter value the period of the cylinder approaches its free period in air. 


Vibration of Cylindrical Rods in Water under the Influence of Alternating Eddies. 
(P. Dupin and E. Crausse, C.R., Vol. CXCII, No. 12, 23/3/31, pp. 729- 
731.) (22.4/21423 France.) 
The oscillations of a cylinder in a current accompanied by the shedding of 
alternate vortices was examined, and the periods and amplitudes of the vibra- 
tions are given graphically as functions of the stream velocity. 


Miscellaneous Unclassified 
Dynamics of Rainfall. (F. Ahlborn, Phys. Zeit., Vol. XXXII, No. 3, 1/2/31, pi. 
139-147.) (22.1/21424 Germany.) 
A descriptive account is given of the motion set up by a drop falling into a 


mass of fluid. The internal circulation in the interior of a drop due to surface 
friction of the air is simulated by admitting jets of fluid to a cylindrical vessel 
at various angles. The process of the drop falling into water is illustrated by 


careful sketches, probably based on photographs such as_ those reproduced in 
Worthington’s ‘‘ Splashes.” 


New Apparatus for Describing Curves. (Ing. St. Jellinek, Z. Instrum., Vol. 
LI, No. 4, April, 1931, pp. 187-197.) (o0/21425 Germany.) 
Twelve instruments are described for the mechanical production of various 
conic sections and one for the evolute of circles. 


Strength Tests on Paper Cylinders in Compression, Bending and Shear. (R. V. 
Rhode and E. E. Lundquist, N.A.C.A. Tech. Note, No. 370, April, 1931.) 
(o/21426 

Preliminary tests were made on sheet metal circular cylinders of various 
diameters and axial lengths. Crushing tests were made on twenty-six paper 
cylinders with a view to obtaining qualitative ideas as to the type of buckling 
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failure and the ultimate buckling strength. Photographs are shown of the 
apparatus, which is simple, and of the twenty-six paper cylinders after collapse. 
The results are plotted and compared with Wagner’s formule (N.A.C.A. Tech. 
Memo. No. 490, 1928), with which they can be brought into approximate agree- 
ment by selection of coefficients. The usual rules for buckling strength are 
formed. 


Photo-Electric Method for Determination of Turgidity of Fluids. (P. Jakuschoff, 

Z.V.D.1., Vol. LXXV, No. 14, 4/4/31, pp. 426-428.) (0/21427 Germany.) 

The photo-electric cell renders possible the automatic registration of small 

changes in light intensity, as a measure of (e.g.) salt content of sea water, sus- 
pended matter in drinking water, pollution of river waters, etc. 


The Question of Air Defence. (R. Roskoten, Luftwacht, No. 3, March, 1931, 
pp. 104-112.) (0/21428 Germany.) 

A comprehensive discussion is given of the air defence of Germany. The 
effect of gas bombs, explosive bombs, and incendiary bombs is generally ex- 
aggerated. Suitable precautions can reduce or prevent damage, but preparation 
and education of the civil population is required. The cost is small compared 
with obtainable results and propaganda on these lines is desirable. 


German Air Hstimates. (A. Kirschner, Luftwacht, No. 2, Feb., 1931, pp. 49-53-) 
(o/21429 Germany.) 
The following items appear in the German budget for 1931: 
1. Central office for Insurance. 
2. Technical Development. 
3. Commercial Development. 
4, 
5. Special Scientific Research. 
6. Promotion of civil air transport by Lufthansa. 
7. Weather service. 
8. Training of personnel (schools for commercial pilots). 
g. Lighting and safety equipment of night routes. 
10. Completion of air chart of Germany, and of the instructional handbook. 
11. Gliding. 
12. Assistance for technical publications. 
13. Competitions : support for college associations. 
14. Free balloons. 
15. Contributions to collection of air equipment. 
16. Airship development. 
17. Airport development. 
18. New equipment for distant signal services. 
19. Development of laboratories. 
20. Development of night lighting. 
21 Paying off loans to Lufthansa. 


Engineering Testimony before Official Bodies. (KK. H. Felix, Proc. Inst. Rad. 
Engs., Vol. XIX, No. 5, May, 1931, pp. 851-855.) (0/21430 U.S.A.) 


Author’s summary : 

This paper discusses the requirements for the effective presentation of testi- 
mony on engineering subjects. The most important qualifications of a witness 
on technical matters are: 


(1) The ability to present technical facts in lay language such that persons 
without technical training and unfamiliar with the technical terms of 
the profession are able to grasp the significance of his evidence. 


| 
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(2) The ability to support every important statement of opinion by an 
appropriate analogy or citation of recognised authority. 


(3) The ability to qualify himself as an expert by a statement of experience 


bearing directly on the points to which he testifies. 

(4) The ability to present his evidence without too much reliance on counsel 
for guidance, 

(5) The ability to testify fearlessly to the truth regardless of how it may 
affect the outcome of the case or the interests of those who employ him. 


REVIEWS 
The Book of the Autogiro 


C. J. Sanders & A. H. Rawson. Sir Isaac Pitman & Sons, Ltd. 5/- net. 
The autogiro has caused and is still causing considerable heart-burning among 


orthodox designers. Many have, undoubtedly, the knowledge that here is the 


type of aeroplane which will ultimately make people really air-minded. 

The publishers have very rightly fixed the price of the book as low as possible. 
The interest in the autogiro is spreading as the interest in any stable aircraft 
must spread which has a safe landing speed, which is easy to learn to fly, and 
which is to all intents and purposes fool proof. 

The Book of the Autogiro has been written by Mr. Sanders who has been in 
charge of the design staff under Senor de la Cierva, and Mr. Rawson, the auto- 
giro test pilot. Two more experienced authors could not have been chosen, and 
they have written a book of great value. 

The future of aviation lies in the hands of that much maligned individual 
the man in the street. Its prosperity does not entirely depend upon the number 
of aircraft built for the Royal Air Force, nor upon the aircraft supplied to the air 
transport companies, though there are many who look upon the Air Ministry as 
the Milky Way of Aviation. But it will be those who enter the market of civil 
aviation who will reap the real harvest. There is an earnest desire to fly in 
the generation now growing up, and this desire can only be fostered by the 
provision in the first place of the slow landing aeroplane, the aeroplane which 
is easy to fly. 

To make the claim that the autogiro wiil be the only one of that required 
class is absurd, and the authors do not do so. But they are right in quoting 
Thomas Edison who said, after seeing one demonstrated : ‘‘ These machines are 
the answer to the needs of aviation, and of those people who have always 
wanted to fly, but have been afraid. It seems to me that they are the greatest 
advance made since the Wrights.”’ 

The Book of the Autogiro is one for which there will be a steadily increasing 
demand, for within its covers one is told not only all about the machine, but 
how to fly it, and the increasing popularity of the autogiro is one of the few 
certain things in aviation, 


The Elementary Theory of the Internal-Combustion Engine 
I. W. Ludlam. Blackie & Son, Ltd. 86 p. 8vo. 3/6. 

The preface states that the book is intended for engineering apprentices and 
others who are commencing a serious study of the internal combustion engine and 
who are not too well equipped mathematically. 

As an elementary introduction the book fills the need for a very simple and 
interestingly written explanation of the subject. Two chapters are devoted to 
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the ‘‘ Laws of gases,’’ the remaining pages dealing with the Otto and Diesel 
cycles and the performance of actual engines. 

Kach chapter is followed with some well graded cxamples (with answers) 
and there are some Miscellaneous Examples drawn from London University 
Examination Papers at the end of the book. 

The apprentice may find the worked examples in the text rather difficult to 
follow, especially the raising of decimal quantities to fractional powers, and in 
most cases would require some help. 

Some explanation of the relationship of the various heat units would also 
seem desirable for the beginner. 

On the whole the book is suitable for the student who wishes to obtain some 
knowledge of the Theory of the Internal Combustion Engine in his spare time. 
The somewhat limited scope will prevent confusion or a feeling that the subject 
is too difficult for the reader to tackle after a day’s work. 


Aerial and Marine Navigation Tables 
John EK. Gingrich, Lieutenant U.S. Navy. McGraw-Hill Book Company 
Inc., New York and London, 1931. 63 and VII. pages. 

These Tables are designed to give in as short and convenient a form as 
possible the necessary help for the calculation of the altitude and azimuth of a 
celestial body required for the Mareq St. Hilaire method of determination of 
positions by position line. 

The tables follow the method of Dr. Ogura, the Japanese hydrographic 
engineer, as regards altitude, and the A.B.C. azimuth tables of Captain Lecky 
and Blackburne for azimuth, but the two methods are combined in a_ very 
ingenious manner which greatly increases their convenience in use, 

In order to reduce the bulk of the tables these are arranged for intervals of 
1° in hour angle, latitude and declination, so that the user rounds up his Dead 
Reckoning Latitude to the nearest whole degree which then becomes the Assumed 
Latitude ; the Hour Angle is also rounded up to the nearest whole degree by 
introducing an assumed longitude instead of the Dead Reckoning Longitude 
which entails no extra work if carried out as shown in the examples. 

The exact Declination is used for the altitude calculation and is rounded off 
to the nearest whole degree for the azimuth calculation. By this means the 
tables are reduced to 51 pages, divided into three tables, 

Table ‘(A ’’ with the arguments Hour Angle and Latitude or Declination 
gives four quantities—A.W.X and Y. 

This table is entered first with Hour Angle and Latitude to give the quantities 
A.K. jand X., where A. is always positive, I. takes the name of the Latitude 
and XY. the opposite name to the latitude. 

The table is again entered with Hour Angle and Declination (to nearest whole 
degree) to get ¥., which takes the name of the Declination, 

The value of K. is next combined with the exact Declination to get 
(Dec.ewoK.). (Subtract the smaller from the larger if the names are alike, and 
add if the names are unlike). 

Now combine the values of X. and VY. by adding if the names are alike and 
subtracting if the names are unlike. Give the result the name of the larger. 

Table ‘‘ B’’ is now entered with (Dec.eok.) and the value B. picked out. 
This quantity B. is added to the A. already found from Table ‘‘ A”? and the 
sum used to re-enter the table in its body, reading off the altitude in degrees and 
minutes at the bottom of the page and right marginal column, respectively. 

This completes the altitude calculation, 

The Azimuth Table is then entered with X + Y., and the Assumed Latitude 
as arguments and the azimuth read off. The azimuth takes the names of X + Y 
and the Hour Angle. 
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The above rules apply in all cases, except when the Hour Angle exceeds 
go°, and here the Navigator cannot go wrong as he cannot enter Table ‘‘ A’’ in 
the usual manner from the top. He is compelled to enter the table in this case 
from below and is immediately confronted with the one and only special precept, 
printed on each page. 

In this case he obtains 180—K. which gives K. when subtracted from 180°, 
and he also has to give X the same name as the Latitude instead of the opposite 
name. 

The precepts with regard to Table ‘‘ A’’ are printed on each page for the 
convenience of the newcomer to these tables, or those who only make occasional 
use of them. 

A sample calculation using these tables was completed in two minutes by 
the watch from the time of writing down the Assumed Latitude, Hour Angle and 
the Declination, to the writing of the calculated Altitude and Azimuth. 

Those useful and necessary auxiliary tables which are always required in navi- 
gation are printed inside the book covers and give: 

Conversion of arc to time and vice versa. 

Correction to sun’s altitude for Refraction, semi-diameter, arc height of eye. 

Correction to the Star altitudes for Refraction and height of eye. 

And on pages 62, 63, total corrections to altitude of moon. 

As the tables are designed for the calculation of both altitude and azimuth, 
they can also be used for the calculation of great circle courses and distances 
in the usual manner. 

The calculated altitude derived from Tables ‘‘ A ’’ and ‘‘ B’’ without inter- 
polation is claimed to be correct within 1 minute of arc without interpolation, 
but greater accuracy can be obtained by interpolation. Thus more than sufficient 
accuracy for aecro-navigation is obtainable without interpolation. 

A full set of examples is given, and the book should be most useful to aero- 


navigators intending to use astronomical methods of finding position. 


The Light Aeroplane Manual 


F. D. Bradbrooke. Chapman and Hall, 10/6. 

The title of this book is a misnomer. It is a pity because it may prevent 
quite a number of people from buying it who would otherwise do so, and will 
mislead those who believe it is chiefly concerned with light aeroplanes. 

The Light Aeroplane Manual is nothing more nor less than a very well 
written work for those who wish to know why an aeroplane flies and how to fly 
it. In this it succeeds admirably. But it is difficult to see why photographs 
of Schneider Trophy machines (and incidentally a whole chapter of description) 
of the Fairey Long-Range Monoplane, and the Caproni 6,000 h.p., the Argosy, 
of the Buzzard 850 h.p. engine and the Wright Whirlwind are included in a 
Light Aeroplane Manual, save on the assumption that the Long-Range Mono- 
plane of to-day will be the light aeroplane of to-morrow ! 

In a book with the title, The Light Aeroplane Manuai, one would have 
expected some detailed descriptions of modern light aeroplanes and engines, to- 
gether with their maintenance and overhaul. In this the book is lacking. The 
pity is that Mr. Bradbrooke writes well, and writes with knowledge, and the 
book contains much that is of use to all those who are interested in aircraft, 
and what is more, much that is really up-to-date. The book is really worth 
reading and digesting, and as one on the principles of flying and the practice 
of flight, a book which would be a useful addition to the library of the Light 
Aeroplane owner. But he must not be disappointed if he finds it not to be the 
manual he expects. A manual is a handbook. The line drawings in the book 
are really excellent. 
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